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PREFACE 


In this book I have endeavoured to describe our 
present knowledge of the Diazo-eompounds and to 
give an account of the enormous progress made in 
this important branch of Organic Chemistry since 
Griess’s epoch-making discovery just fifty years ago. 

I have adopted the plan of giving full details of the 
simpler preparations and reactions which are being 
continually carried out in the laboratory, but I have 
made only short reference to the more involved 
operations such as would be undertaken by the 
research chemist, not only to avoid a mass of detail, 
but also because in such cases the original paper is 
invariably consulted, and with this in view full 
refei'ences to the literature are given. 

Owing to the very large space necessarily given to 
a discussion of the theories of the constitution of 
the diazo-compounds, the practical and descriptive 
portions have been kept together and the theoretical 
part reserved until later. 

Partly on account of this the word ‘ diazonium ’ is 
not used until the theoretical part is reached, where 
its meaning is explained. 

I have striven to give an exact account of the long 
controversy between Hantzsch and Bamberger on 
the constitution of the diazo-compounds. The most 

A 3 



VI 


PEEFACE 


impoi’tant contributions to the literature have hitherto 
been made by Hantzsch [Die Diasoverhindungeii, Ahrens’ 
Sammlung, 1902) and his former pupil, Eibner [Zur 
GeschicJite cler aromatisclien Diazoverbindungen, Olden¬ 
burg, 1903), so that the opposite view has, perhaps, 
not been set forth quite so fully, although the 
admirable Eeport to the British Association by Morgan 
(Oitr Present Knoioledge of Aromatic Diazo-compounds, 
1902) leaves nothing to be desired. 

Another difficulty in the way of presenting a clear 
view of the subject is found in the many eases where 
work, even supported by numerous analyses, has been 
shown to be incorj-ect. This, taken in conjunction 
with the somewhat authoritative tone of Hantzsch’s 
papers and the unfortunate illness of Bamberger 
which necessitated cessation of work for some years, 
may well be responsible for the incomplete accounts 
of Diazo-chemistry which are occasionally encountei’ed. 
Finally, a new theory of the constitution of Diazo¬ 
compounds is presented in the Appendix to this 
work. 


London, 
December, 1907. 


J. c. c. 



PREFACE TO THE SECOND EDITION 


The ever-increasing application of diazo-compounds 
to Industry has made it necessary to widen the scope 
of the'second edition of this book so as to include the 
more important technical literature, and it is hoped 
that this will render the volume more useful both to 
scientific and industrial chemists. For this reason 
the title has been suitably altered. 

A new chapter has been added on ‘Heterocyclic 
Diazo-Compoundsand in view of the gratifying 
reception of the author’s theory of the constitution of 
Diazo-compounds, this, together with developments 
of it, has been assigned a chapter to itself. 


London, 
January, 1920. 


J. 0. 0. 
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THE CHEMISTRY AND TECHNOLOGY 
OF THE DIAZO-COMPOUNDS 


CHAPTER I 

INTRODUCTION 

^ The cliazo-coinpounds were discovered in 1858 by Johann 
Peter Griess,’- who obtained them by treating aromatic amino- 
compounds with nitrous acid. Piria had already found, in 
1849, that asparagine or aminosuccinamio acid is converted 
into malic acid by the action of nitrous acid, the amino-group, 
NH 2 , being substituted by the hydroxyl group, OH, thus— 
C,HA(NH,),-|-2HN0, = 0 ,H, 03 ( 0 H), + 2N, + 2H,0. 

In the aromatic series, also. Hunt in the same year showed 
that aniline, by the same method, was converted into phenol. 
Then Gerland in 1853 ^ prepared hydroxy benzoic acid from 
aminobenzoic acid and also observed the formation of a red 
intermediate product, the quantity of which -was found to 
increase by working with cold dilute solutions. Gerland was 
unable to decide as to the constitution of this substance owing 
to wide variations in the analytical figures. The further 
investigation of this was suggested to Griess by Kolbe,^ with 
the result that diazoaminobenzoic acid was isolated. Griess 
then extended his work so successfully that he discovered the 
existence of an entirely new class of substances, to which the 
name ‘ diazo ’ was given.^ An account of this discovery, 
given by Griess himself, will be of interest.^ 

Annalen, 108, 123. ^ Ihid,^ 1854, 91, 185. 

^ Obituary notices of Griess, Bey.^ 1891, 2 4, 1007. 

Griess says: H have come to the conclusion that the two atoms (or 
the molecule) of nitrogen, Nj, they contain, must be considered as 
equivalent to two atoms of hydrogen, and it is in accordance with this 
view that the names of the new compounds have been framed.’ [Phih 
Trans.^ 1864,154, 668.) 

® Koscoe and Schorlemmer, Treatise on Chemistry, vob iii, part 3, 311. 
Griess, private communication to Watson Smith in 1887 ; compare also 
Watson Smith, J, Soc. Chenu Ind., 1907, 26, 134. 

B 
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‘Dr. Gerland, when working in the laboratory of Prof. 
Koibe, in Marburg, investigated the action of nitrous acid on 
ainidobenzoic acid at the request of Kolbe. Thus oxybenzoic 
acid was prepared, indicating a chemical change then con¬ 
sidered of much importance. In like manner I investigated 
a means of converting picramic acid (amidodinitrophenylic 
acid) into the oxydinitrophenylic acid, CqH 2 (N 02 ) 2 (OH) 2 , but 
I obtained instead of the latter a compound possessed of such 
striking and peculiar properties that I at once concluded it 
must belong to a completely new class of compounds. Analysis 
soon showed me that this peculiar compound had the com- 
iDosition C6H2(N02)2N20. Naturally I soon submitted many 
other amido-compounds in like manner to the action of nitrous 
acid, and obtained thus, in almost every case, the correspond¬ 
ing diazo-eompound. But the circumstance to which I was 
indebted for my success in obtaining the diazo-compounds 
was that of the treatment of the amido-compounds with 
nitrous acid in the cold, whereas in the earlier experiments 
of Hunt and Gerland a higher temperature was always 
attained, and consequently no diazo-compounds could exist. 
Having obtained these diazo-compounds, I then tried their 
action on all possible substances, among which of course are 
the numerous class of amido-compounds. I found that the 
diazo-compounds combine directly with these, forming fre¬ 
quently brilliantly coloured substances which dye animal 
fibres directly. The first colouring matter thus prepared by 
me, which I obtained in the years 1861—2, was the benzeneazo- 
a-naphthylamine.^ It was first prepared on the large scale, 
to the best of my recollection, in the years 1865-6 by Caro, 
who was then chemist in the works of Messrs. Roberts, Dale 
A Co., of Manchester, I first recommended the oxyazobenzene 
obtained by me for use as a colouring matter in 1866.’ ^ 

Griess continued his researches on diazo- and azo-com¬ 
pounds ^ during his three years’ residence in London as 


^ Phil, Trans, ^ 1864, 154, 679. 

^ Annalen^ 137, 88. 

“ (Iriessjs first short preliminary announcement was published in 
Annalen, 1858, 106, 123; see also Proc, Boy. Soc,, 1859, 9, 594- Phil 
May,, 1869, [iv], 17, 370; Co7npt, rend,, 1859, 49, 77. The full paper 
appeared in Annalen, 1860, 113, 201. See also AmiaUn, 1860, 113, 337 ; 
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Hofmann’s assistant, and also afterwards while with Messrs. 
Allsopp, Burton-on-Trent. Here, although busily occupied in 
the vast brewery, Griess found time in which to prepare a 
large number of new diazo-compounds, and these were then 
handed over to his Mend, Dr. R. Schmitt, at Dresden for 
analysis. Hempels account of this is interesting: 'Eegel- 
inassig kamen von Burton an den Ufern des Trent die von 
Griess dargestellten neuen Korper in kleinen Packeten, um in 
Dresden an der Elbe analysirt zu werden. Per Fracht kamen 
dann wohl gleichzeitig als willkominene Beilage Fasser von 
Allsopp’s beriihmtem Pale Ale in ausgesuchtester Qualitat.’ 
(The new compounds prepared by Griess were regularly sent 
in small packets from Burton-on-Trent to Dresden to be 
analysed. At the same time a welcome accompaniment took 
the form of barrels of Allsopp’s finest Pale Ale.) Griess’s 
brilliant investigations extended to the preparation of a very 
large number of diazo-compounds; further, he discovered most 
of their reactions with other reagents and laid the foundation 
of the immense edifice of azo-dyes which has since been, and 
is still being, erected. 

After having described the diazoamino-derivatives of amino- 
benzoic acid,^ aminotoluic acid, and aminoanisic acid, and their 
reactions, Griess then obtained diazoaminobenzene ^ and the 
diazobenzene salts,^ Of these, the nitrate, the easiest to pre¬ 
pare, was used as the starting-point in the preparation of the 
crystallised sulphate, the platinichloride, the auricliloride, and, 
some years later/ the ferricyanide, the nitroprussiate, and the 
tin chloride double salt. With the object of preparing the 
bromide, Griess treated diazoaminobenzene with bromine in 
ethereal solution and obtained the perbromide CgHgNgBrg. 

1861,117, 1: 120, 125 ; 1861, Suppl. I, 100; 1862,121, 257; 1866,137, 
39 ; Proc. Poy. Soc., 1860,10, 309, 591 ; 1862,11, 263; 1863, 12, 418 ; 
1864, 13, 375. A long pai^er, including mo&t of the earlier work, is in 
Phil. Trans.^ 1864,154, 667 ; and accounts were also published in Joiirth 
Chem. Soc., 1865, 3, 268, 298 ; 1866, 4, 57; 1867, 5, 36. For the later- 
work see Per., 1869, 2, 369; 1874, 7. 1618; 1876. 9,132,627.1653; 1878, 
11, 624; 1879,12, 2119; 1881,14, 2032; 1882,15,2183; 1883,16,2028; 
1884,17, 338. 

' Annalen, 1861,117, 1. 

3 137, 39. 

^ Bck, 1879, 12, 2119; 1885, 18, 965. 

13 2 


2 Ibid., 1862,121, 257. 
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On the addition of ammonia to this compound, the whole 
of the bromine was removed and a substance containing three 
atoms of nitrogen was isolated. This was called diazobenzene- 
imide, and possessed the formula CgH^Ny. Griess also studied 
the formation of metallic diazo-derivatives; thus, by the action 
of a concentrated potassium hydroxide solution on a concen¬ 
trated solution of diazobenzene nitrate, a substance containing 
potassium was obtained, and by mixing a solution of this 
with a silver solution, a substance containing silver was pre¬ 
cipitated. The formulae of these metallic derivations were 
considered by Griess to he OgHgNg . OK and . OAg 

respectively (see, howevei', p, 112). By treating a solution of 
the potassium compound with acetic acid, a viscous yellow oil 
was obtained which Griess looked upon as free diazobenzeno. 
With mineral acids it yielded the corresponding salts. 

We now pass on to consider briefly the various reactions 
which the diazo-salts, in Griess's hands, wmre found to undergo. 
By boiling with water, phenols were obtained; in the case of 
the nitrate, nibrophenol was formed by the interaction of 
phenol and the liberated nitric acid. When alcohol was 
substituted for water benzene was formed, whilst the alcohol 
was reduced to aldehyde. By the action of hydriodic acid 
in the cold, iodobenzene was obtained, chlorobenzene by 
distilling the dry platinichloride with soda, and bromobenzene 
in the same way from the platinibromide, and also by boiling 
the perhi’omide with alcohol. 

By the action of phenols and amines on the diazo-compounds 
Griess discovered that highly-coloured condensation products 
were formed. These were the azo-dyes, some of which were 
immediately prepared on the large scale; the reaction itself 
giving the key to an industry which has since attained an 
enormous importance. 

The next important discovery to he noted is that of the 
first diazo-compound belonging to the aliphatic series in 1883. 
Curtins prepared the ethyl ester of diazoacetic acid, pro¬ 
ceeding from this to a series of brilliant researches on fatty 
diazo-compounds, culminating in his discovery of azoimide. 
In 1894 von Pechmann isolated the simplest member of 



INTRODUCTION 


tlie series, iicaniely, diazomethane, since wJiich time a large 
number of derivatives liave been obtained. 

The remarkable influence of small amounts of copper salts 
on the reactions which the diazo-compounds undergo was 
discovered in 1884 by Sandmeyer, whose name is associated 
with this decomposition, and the substitution of finely divided 
copper for its salts was introduced by Gattermann in 1890. 

In the latter year Meldola discovered that the presence of 
the diazo-group has, in certain cases, a remarkable effect on 
the stability of a nitro-group present in tlie same benzene 
ring, whereby this group is very readily eliminated. 

This transformation of acidic groups under the influence of 
the diazo-group has been made the subject of comprehensive 
researches by Meldola and his colleagues, as well as by 
Bamberger, Orton, and Plaiitzsch, and the latter chemist 
showed in 1896 that in some eases the acidic group attached 
to the diazo-nitrogen could change places with a halogen atom 
in the benzene ring. 

In 1894 an important investigation carried out by Schraube 
and Schmidt, whereby the existence of two isomeric metallic 
salts of diazobenzene was indicated, led to a thorough 
examination of the metallic diazo-derivatives, and gave rise 
to a prolonged discussion of the constitution of the whole 
class of diazo-compounds. Among the many discoveries 
which were made in 1895 is specially to be recorded Bam¬ 
berger s isolation of the diazoic acids by the oxidation of the 
diazo-salts. 

The definite proof by Andresen, in that year, that light 
acted on diazo-compounds with the production of the corre¬ 
sponding phenols was followed by the remarkable observation 
of Orton in 1906, that quantitative yields of phenols were 
obtained from certain diazo-salts which gave practically no 
hydroxy-derivative when heated with water or acids. 

Tlie researches of Staudinger and his pupils in 1916 have 
added much to our knowledge of aliphatic diazo-compounds. 
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PREPlRATION OF THE DIAZO-COMPOUNDS ^ 

§ 1, Preparation of dry diazo-salts. —In preparing the 
diazo-compounds Griess used, as a source of nitrous acid, the 
gases evolved by warming a mixture of nitric acid and 
arsenic trioxide. These gases were passed into eitlier an 
alcoholic solution of the amine or an aqueous paste oE an 
ainino-salt, the experiment being carried out in the cold, 
when the resulting diazo-compound separated or was precipi¬ 
tated by the addition of alcohol and ether. 

In the case of diazobenzene nitrate, used by Griess as the 
starting-point for the preparation, of other diazo-compounds, 
the nitrous gases were passed into a well-cooled paste oE 
aniline nitrate and water until aniline ceased to be liberated 
on adding potassium hydroxide to a small test portion. Tlie 
solution was then filtered and alcohol and ether added to 
precipitate the diazobenzene nitrate, which separated in white 
needles. 

A considerable improvement on this method consists in the 
use of a solution of sodium nitrite as a source of nitrous acid.^ 
By this process the calculated quantity of nitrous acid may 
be used, and this is so convenient that sodium nitrite is almost 
entirely employed at the present day in the preparation of 
diazo-compounds. 

The use of an aqueous solution of sodium nitrite is, how¬ 
ever, not very suitable for the preparation of those dry diazo- 
componnds which are very soluble in water, and in order 
to avoid the presence of the latter KnoevenageP used 
amyl nitrite in alcoholic solution, a method which had been 


description of the metallic diazo-compounds is reserved until a 
later chapter (see p, 112), 

^ Martius, J.pr. Chem., 1866, 98, 94. 

3 JBe7\, 1899, 23, 2995. 
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employed by V. Meyer and Arnbiihl in the preparation of 
diazo-aminobenzened Tliis was a great improvement on exist¬ 
ing methods, and a large number of dry diazo-salts have been 
prepared in this way. Pure products are, however, only 
obtained in the absence of free mineral acid.^ The reason 
of this is that in presence of excess of mineral acid additive 
compounds of the diazo-chloride with hydrochloric acid are 
formed. 

The hydrochlorides are therefore prepared by passing 
dry hydrogen chloride into a solution of the amine in absolute 
alcohol or ether and heating the product at 40-50*^ until the 
last traces of acid have been removed. The dry salt is then 
dissolved in alcohol and the tlieoretical quantity of amyl 
nitrite added at the ordinary temperature. On precipitating 
with ether the diazo-chloride is obtained in the pure state. 
This is a somewhat tedious process, and it has been found ^ 
that the reaction proceeds even more satisfactorily in the 
presence of glacial acetic acid, thus avoiding the necessity of 
preparing the dry aminic hydrochloride. 

In order to prepare diazobenzene chloiide the experiment 
is carried out as follows: Fifty grams of aniline hydro¬ 
chloride are dissolved or suspended in about three times the 
quantity of glacial acetic acid and tlie mixture stirred by 
a turbine. A little more than the theoretical quantity of 
amyl nitrite is now added, care being taken that the tempera¬ 
ture does not exceed 10°. Any undissolved aniline salt 
disappears quickly, and the diazotisation is complete as soon 
as a small portion withdrawn and treated with sodium 
acetate no longer gives a yellow coloration. On adding ether 
a crystalline precipitate of di azobenzene chloride is obtained, 
which is filtered, washed with ether, and dried in a desiccator. 
The yield is 53 grams. The sulphate is obtained in a similar 
way; in this case aniline sulphate is diazotised in presence of 
the calculated quantity of sulphuric acid. The separation of 
the diazo-sulphate is effected by first adding a little alcohol to 
the mixture with acetic acid and then precipitating with 
ether. The halogenated diazo-chlorides are prepared in the 

1 Annalen, 1889, 251, 56. ^ Hirscli, Ber., 1897, 30, 1148. 

3 Hantzsch and Jocliem, Ber., 1901, 34, 3837. 
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same way, but caTe must be taken to use the liydrochlorides 
obtained according to Hirsclds method, avoiding the presence 
of mineral acid. 

Diazo-chlorides and bromides are obtained in quantitative 
yield by treating primary aromatic hydrazines with chlorine 
or bromine respectively^ and a convenient method of prepar¬ 
ing diazO“bromides consists in mixing cooled alcoholic solutions 
of diazo-perbromides (easily obtained in the solid state by 
adding bromine to aqueous solutions of diazo-salts) and the 
corresponding primary aromatic hydrazine.^ 

The preparation of diazo-salts which are sparingly soluble 
in W'ater can, of course, be carried out in aqueous solution. In 
some cases the diazo-compound is precipitated on addition of 
sodium nitrite to the acid solution of the amine, whilst in 
others the insoluble diazo-compoimd is precipitated on adding 
the salt of a different acid. 

Many instances of the former case occur among the amino- 
sulphonie acids. Thus ^^J-diazobenzenesulphonic acid is easily 
obtained ^ by dissolving sulphanilic acid in dilute aqueous 
sodium hydroxide, acidifying with hydrochlodc acid, and 
adding the calculated quantity of sodium nitrite, previously 
dissolved in a small quantity of water. The temperature 
should be about 5°. As soon as the whole of the nitrite has 
been added the diazo-compound, in the form of the anhydride 
C'a^'^iOgNoS, separates in fine white needles, which may be 
filtered, but should nob be dried, as they are extremely 
explosive (see p. 34). An alternative method consists in dis¬ 
solving 23 kilos of sodium sulphanilate and 7 kilos of sodium 
nitrite (97 per cent.) in 120 litres of water, cooling with ice, 
and adding the solution to a mixture of 17 kilos of sulphuric 
acid (66° Bd) and 100 litres of water, also cooled with ice. 
The diazo-compound is precipitated and may be filtered otf.'^ 
The diazo-compound derived from a-naphthylamine-4-sul- 
phonic acid (naphthionic acid) is obtained in a similar manner. 
The naphthionic acid is dissolved in alkali and reprecipitated 

^ Cliattaway, Trems,, 1908, 93, 852. 

2 Ibid., 958. 

" Schmitt, AnnaUn, 1859,112, 118; 1861,120, 144. 

* Bev.prod. cMm, 1917, 20, 21. 
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by the addition ot‘ mineral acid. On adding the nitrite solu¬ 
tion, the white insoluble naphthionic acid is gradually con¬ 
verted into the yellow insoluble diazo-compound. Details of 
the technical preparation of this diazo-compound are given 
on p. 37. 

Instances of the second method are numerous; thus on 
adding a solution of sodium picrate to a solution of diazo¬ 
benzene nitrate a precipitate of the insoluble diazobenzene 
picrate is obtained.^ A very stable diazo-picrate has also 
been prepared from _ 2 ^-anjinobenzanilide in the same way,^ 
and the picrate of diazophenylindole, as also the 

picrate of diazomethylindole, can be crystallised 

from alcohol.^ The chromate was prepared by Griess and 
Caro,"^ who diazotised aniline nitrate by means of a solution 
of calcium nitrite, and then added an equivalent of potassium 
dichromate and hydrochloric acid, when a precipitate was 
obtained. They suggested the use of this chromate as an 
explosive. 

Diazo-chromates are now usually prepared^ by precipita¬ 
ting a diazo-solution with sodium dichromate. 

Insoluble diazo-thiosulphates, hydroferricyanides, tung¬ 
states,^ thioacetates,’^ molybdates, phosphomolybdates, plios- 
photungstates,^ and borofluorides ^ have been also prepared in 
a similar manner. 

An interesting diazo-earbonate is obtained by pouring 
the diazo-chloride derived from benzoyl-^>phenylenediainine 
(j?;-aminobenzanilide) into cold aqueous sodium cai'bonate, 
when a yellow precipitate results which has the formula 
. CO.NH.CcH, . . IiC 03 . 

By adding sodium acetate to the diazo-chloride, and then 

’ Baeyer and Jaeger, Ber., 1875, 8, 894. 

^ Morgan and Wootton, Proc., 1906, 22, 23. 

^ Castellana and d’Angelo, Atti R. Accad. Lhicei, 1905, [v], 14, ii. 145. 

I E. P. 1956 of 1866 ; F. P. 73286. 

Meldola and Eynon, Trans., 1905, 87, 1; Castellana and d’Angelo, 
loc. ciit 

*' Hej)burn, J, Soc. Byers, 1901, 17, 279. 

Friedlilnder and Chwala, Monatsh., 1907, 28, 247. 

® Morgan and Alcock, Trans., 1909, 95, 1319. 

^I).R-P, 281055. 

Morgan and Mickletliwait, Trans., 1905, 87, 921, 
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treating with excess of sodium nitrite, a crystalline yellow 
diazo-nitrite is obtained, and the corresponding chloride, 
acetate, and perchlorate have been prepared in the dry state.^ 

Certain diazo-salts of hydrazoic acid have also been 
prepared by treating an ethereal solution of the diazo¬ 
hydroxide witli ethyl azoiminocarboxylate, N 3 . CO^Et. These 
salts have the composition Ar.N 2 .N 3 , and are extremely 
unstable.^ 

Diazo-fluorides containing one molecule of hydrofluoric acid 
are obtained by diazotising the amine with amyl nitrite in 
presence of hydrofluoric acid,^ and diazo-perclilorates are pro¬ 
duced by diazotising amines in presence of perchloric acid. 
These perchlorates are extremely explosive.^ 

Diazo-sulphinates can be prepared if the sulphinic acid 
contains negative substituents; thus o-iiitrodiazobenzene 
o-nitrobenzenesulphinate, NOg. CqH^.N g. SOg. NOg, is 

obtained by adding a diazotised solution of o-nitroaniline to 
an aqueous solution of sodium o-nitrobenzenesulphinate.^'" 

§ 2. Other methods of preparation.— A modification of 
Griess's method of diazotising was used by his co-worker 
Schmitt,*^ who saturated absolute alcohol with nitrous fumes 
and poured this over aminophenol hydrochloride. On adding 
ether the diazophenol was j)recipitated. 

The direct interaction of fuming nitric acid and amines for 
the preparation of diazo-nitrates is hardly to be classed as 
a separate method, as fuming or brown nitric acid always 
contains nitrous fumes which diazotise the nitrate of the 
amine. It is interesting, however, in this connexion to note 
that Stenhouse ^ obtained the cliazodinitrophenol of Griess by 
pouring boiling nitric acid on picramic acid, and several 
diazonitrotoluenesulphonic acids have been obtained in the 
dry state by diluting a solution of the corresponding toluidine- 

^ Morgan and Alcock, Trans., 1909, 95, 1319. 

2 Hantzsch, Ber., 1903, 36, 2056. 

^ Hantzsch and Vock, Ber., 1903, 36, 2059. 

** Vorlilnder, Ber., 1906, 39, 2713; K. A. Hofmann and Arnoldi, ihkl., 
3146 ; see also Herz, E. P. 27198 of 1912; F. P. 450897. 

Claasz, Ber., 1911, 44, 1415. 

« Ber., 1868, 1, 67. 

Jonrn. Chem. Soc., 1868, 6, 150. 
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sulplionic acid in fuming nitric acid; nitration and diazo- 
tisation both having been effected^ A more recent example 
of this is the preparation of 2-nitro-4-diazo-m-xy]ene-6-sul- 
phonic acid from ^n-xylidinesulphonic acid— 

(CHo)^: NH^: SO 3 H 1: 3 :4: 6.2 

A surprising reaction is the formation of the diazo-deriva- 
tive of aminophenolsulphonic acid by treating it with nitric 
acid and carbamide,’'’^ for one would expect the nitrous acid 
present to be destroyed by the carbamide and thus prevent 
diazotisation, but recent experiments ^ have shown that this 
destruction is very incomplete in the case of concentrated 
nitric acid. Various other nitrous derivatives have been used 
occasionally in the preparation of diazo-compounds ; it is even 
stated that nitric oxide can be substituted for nitrous fumes 
in the preparation of diazobenzene nitrate.^ 

Other substances which have been used are nitrosyl 
bromide ^ and chloride/ and nitrosulphonic acid.^ In the case 
of nit:^osyl chloride, which is now an easily accessible product, 
the amine is dissolved in alcohol and an alcoholic solution of 
hydrogen chloride containing 2*5™3*0 mols, of the acid added; 
the mixture is cooled in ice and a solution of nitrosyl chloride 
in toluene added, when the diazo-salt separates. The corre¬ 
sponding sulphate is obtained when sulphuric acid is substituted 
for hydrochloric acid.^ 

The use of barium nitrite instead of sodium nitrite has 
been suggested for preparing dry diazo-salts.^^ By using the 
calculated quantity of sulphuric acid the whole of the mineral 
matter is precipitated, and, on filtering, the diazo-salt may be 

^ Limpricht, Be 7 \^ 1874, 7, 452. 

^ Zincke, Annalen^ 1905, 339, 202. 

® Bennewitz, J. pr, Chem.., 1874, [ii], 8, 50. 

^ Silberrad and 8mart, J, 80 c. Chem. Ind., 1906, 25, 156. 

Ladenburg, Ber,y 1875, 6, 1212. 

Koninck, J5en, 1869, 2, 122. 

Fabst and Girard, B. RT. 6034 of 1878, and Ren, 1879,12, 365; 
compare also Kastle and Keiser, Amer, Chem. J., 1895,17, 91, who ob¬ 
tained a double salt, diazobenzene aniline chloride, C^IIgNoCl, CfiHr.NHgCl, 
by treating aniline hydrochloride with nitrosyl chloride. 

^ Pabst and Girard, loc. cit. 

^ Struszyhski and Sventoslavsky, Bidl. Acad. Sei. Craco?{\ 1911, A, 
459. 

Witt, Ber., 1903, 36, 4388. 
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precipitated (with alcohol and ether) free from admixture witli 
inorganic salts. 

It has also been found possible to obtain diazo-compounds 
without using an amine as the starting-point; thus dry 
diazobenzene nitrate has been prepared^ by the action of 
nitrous fumes on mercury diphenyl, 

Hg(CeH,), + 2N,03 = HgC^H^. NO3 -f CeH^. N,. NO3 
and when mercury _^-ditolyl is substituted for the diphenyl 
compound, 2:>-diazotoluene nitrate is formed.- By treating 
a solution of nitrosobenzene in chloroform with nitric oxide, 
diazobenzene nitrate was obtained by Bamberger, 

. NO + 2NO = OJi,. N,. NO., 

and the same diazo-salt has been isolated by passing nitrous 
fumes into an ethereal solution of nitrosophenylhydrazine.*'^ 
Finally, by the action of alcoholic hydrochloric acid on nitroso- 
anilinoacetic acid, the chloride of j^>diazophenylhydroxylamine, 
OH.NH.CgH^. NgCl, is produced.^ 


§ 3 . Diazotisation of amino-phenols and thioplienols. 

Diazo-oxides.— The diazo-chlorides of 0 - and |}-aminophenol 
are obtained by diazotising the corresponding bases in alcoholic 
solution with amyl nitrite and hydrochloric acid at 0°, and 
precipitating with ether.^ The diazo-salts thus obtained are 
white. m-Uiazophenol chloride is extremely unstable, and 
loses nitrogen even at 0°. 

When the two former salts are dissolved in water and 
treated with potassium hydroxide or moist silver oxide, 
hydrochloric acid is split off, and the free diazo-oxides are 
formed— 

HO.C.H,. N^Cl = HCl + O.C,H,. N^ 

These diazo-oxides are yellow and soluble in water. 


^ Be)\, 1897, £0, 509. 

; Kunz, Ber,, 1898, 31, 1528. 

^ Riiglieiiner, Ber.^ 1900, 33. 1718. 

^ 0. Fischer, Ber., 1899, 32, 247. 

Hantzsch and Davidson, Ber., 1896, 29, 
LoA^. bee also Cameron, Amer. Chem, J., 1898, 20 229. 

^ For constitution see p. 148. ’ 
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The substituted aminoplienols are converted directly into 
the diazo-oxides on diazotisation. The compound derived 
from aminodinitrophenol (picramic acid) was the first diazo¬ 
compound obtained by Griess. 

Diazo-oxides are also formed by allowing neutral solutions 
(or solutions containing no free mineral acid) of certain 
substituted diazo-salts to remain for some time; thus 2:4:6- 
trichlorodiazobenzene hydrogen sulphate or nitrate loses one 
atom of chlorine and becomes converted into 3:5-dichloro- 
2 -diazobenzene 1-oxide, 


N,HSO, 

ci/Sci 


+ H,0 


V 




-hHCl + HoS 04 , 


and many other halogen substituted anilines behave in the 
same wayd 

Other examples of the formation of diazo-oxides will be 
found in chapter x. 


§ 4. Thiodiazoles (Diazo-sulpliides).- 

mercaptan 

_SH 

<( )>NH, 


-When o-aminophenyl 


is treated with nitrous acid an anhydride is obtained, as in 
the case of the aminophenols, but, unlike the diazo-oxides, 
the o-diazo-sulphides are colourless, resembling in this respect 
the azimides obtained by the action of nitrous acid on the 
o-diamines. They generally crystallise well, have a charac¬ 
teristic sweetish odour, and are very feebly basic. Their 
constitution is probably represented as 




§ 5. Preparation of diazo-salts in aq[iieous solution. —From 
the foregoing it will have been seen that the preparation 

^ Orfcon, Proc. Eot/. Soc.^ 1903, 71, 153 ; Trans., 1903, 83, 83, 796. 
Jacobson, AnnaUn, 1893, 277, 209, 218, 232, 237. 
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of solutions of diazo-salts is a comparatively simple matter, 
nevertheless there are many amines, mostly substituted, wliicli 
either resist the action of nitrous acid or, owing to the forma¬ 
tion of secondary products, are incapable of yieldiog diazo- 
salts. These will be dealt with later. 

In all cases the method of preparation on the large and the 
small scale is the same, so that a technical recipe may be 
exactly imitated in the laboratory and vice versa. 

On the large scale the process is effected in a wooden tub 
fitted with a mechanical stirrer. The bolts, &c. of the stirrer 
are covered with lead, and the outlet at the bottom of the tub 
consists of a leaden pipe with a rubber pipe fitting over it 
which can be closed by a clamp. The sodium nitrite is dis¬ 
solved with cold water in a cask raised so that the solution can 
run into the tub through a lead funnel reaching to the bottom. 
The diazo-compound is then run directly into a tub set at 
a lower level containing, for example, an azo-component or, if 
it is insoluble (for example, diazotised naphthionic acid), it can 
be run into a lead-lined receiver and blown into a wooden 
filter-press. 

The amine to be diazotised is usually dissolved in about 10 
parts of water with addition of one equivalent of hydrochloidc 
acid, if necessary by the aid of heat. The solution is then 
cooled to by the direct addition of ice and one and a half 
to twm equivalents of hydrochloric acid added. (When the 
hydrochloride of the base is easily soluble in hydrochloric 
acid the whole of the acid may be used in dissolving the 
amine.) A solution of the calculated quantity of sodium 
nitrite is now added; in most cases slowly until only a weak 
reaction is obtained with starch-iodide paper (this is best 
prepared from cadmium iodide and starch) after the solution 
has stood for 3—4 minutes. In certain cases, however, especially 
where there is a great tendency towards the formation of 
diazoamino-derivatives, as in the case of a-naphthylamine and 
jj/j-nitroaniline, the nitrite solution is added all at once, the 
precaution being taken of adding sufficient ice to prevent the 
temperature rising unduly. Occasionally the secondary reac¬ 
tion may be avoided by using a nitrite solution which has been 
previously acidified with hydrochloric acid or by using a 
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larger excess of acid. The tendency towards the formation of 
diazoamino-compounds increases if organic acids are used, 
thus, for example, if two and a half equivalents of acetic acid 
are substituted for the same equivalent quantity of hyd]*o- 
chloric acid, in the case of aniline only about 20 per cent, is 
converted into the diazo-salt ; the diazotisation is complete 
only by the use of eleven equivalents of acetic acid. The use 
of less hydrochloric acid has a similar effect; aniline hydro¬ 
chloride is only partly diazotised by sodium nitrite, but the 
quantity converted increases with the concentration of the 
solution, thus in solutions containing respectively 10, 1, and 
0*1 per cent, of aniline, about 30, 20, and 10 per cent, of the 
aniline is diazotisedd 

One of the most frequently prepared diazo-compounds is 
that derived from ^j>-nitroaniline; indeed it is stated ^ that 
more than 1,000 tons of ^j-nitroaniline are yearly converted 
into the diazo-compound for the purpose of producing ' para- 
nitraniline red ’ by combination with /3-naphthol on the cotton 
fibre. 

A large number of methods of preparing this important 
diazo-compound have been published,^ one of which (Cassella 
& Oo.) is here quoted. 

;2>Nitroaniline (21 grams) is dissolved in water with addition 
of 42 c.c. of hydrochloric acid of 22 and the solution cooled 
to 5-10°. The water and ice used weigh 307 grams. A solu¬ 
tion of 11*5 grams of technical sodium nitrite (95 per cent.) in 
103*5 grams of water is now added all at once and the mixture 
well stirred until a clear solution is obtained. If the resulting 
diazo-solution is to be used for combination with /3-naphthol 
it is first treated with a solution of 25 grams of sodium acetate 
dissolved in 50 grams of water,^ 

Generally speaking, amines such as aniline, the toluidines, the 
xylidines, ^-aminoacetanilide, are diazotised at 0-2°. Others, 
as for example a- and ^-naphthylamines, the nitroanilines, 


1 Altscliul, J. pi\ Cheni,, 1896, [ii], 54, 508, 

2 Schwalbe, Zeitsch. Farb.-Ind., 1905, 4, 433. 

^ Schwalbe, loo, cit, 

^ Compare also Schwalbe, Zeitsch, Farh-Ind.^ 1905, 4, 433 ; Erban 
and Mebus, Chem, Zeit., 1907, 31, 663, 678, 687, 1011. 
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and diamines, such as benzidine, tolidine, dianisidine, are 
converted into the diazo-cornpounds more suitably at about 
10°,^ whilst 1- and S-aminoanthraquinones are diazotised at 
30-40°.- Hydrochloric acid is most commonly employed, but 
sulphuric and acetic acids are also used. 

There are many cases where the diazotisation of an amino- 
compound is not effected quite so easily as is described above, 
and special methods have to be employed. Thus many 
aminoazo-compounds are insoluble in water or acids and are 
attacked by nitrous acid only with difficulty. At the same 
time the diazo-eompound is often insoluble in water. Such 
comjoounds are, for example, ^^“Sulphobenzeneazo-a-naphthyl- 
amine and ^J-acetylaminobenzeneazo-a-naphthylamine, and 
these are diazotised by using an excess of sodium nitrite and 
stirring for several hours, keeping the mixture ice-cold in order 
to avoid escape of nitrous acid. In order to prevent this 
escape it has been proposed to diazotise under- increased pres¬ 
sure.^ The amine is introduced into a closed vessel together 
with the corresponding quantity of mineral acid, and the 
pressure is then raised by admitting compressed air or other 
indifferent gas, after which the nitrite solution is added. 

Difficulties have been met with in attempting the diazotisa¬ 
tion of substituted amines containing a number of acidic 
groups; thus V. Meyer and Stiiber ^ found it impossible to 
decompose trinitroaniline (I) 


NH. 



jNOo 


NO, 

(I) 


NH, 


CH, 

(II)' 


by treatment with ethyl nitrite in alcoholic solution, and 
pentabromoaniline also resists diazotisation^ unless a large 
excess of sulphuric acid is employed 


^ JPor a detailed description of the ^preparation of a number of these 
see Cain and Thorpe, The Synthetic DyesUlffS) 4th ed., 1918, 254 et seq. 

® Schaarschmidt, Ber,^ 1916, 49, 2678. 

3 Seidler, T. R-P. 143450. Annalen, 1873,165, 187. 

Noelting, BidL Soc. hid. Mulhouse, 1887, 57, 80. 

^ Hantzscli, Ber.^ 1900, 33, 520; Jacobson, Annalen, 1909, 367, 332 . 
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This method ^ is found to be advantageous in diazotising 
derivatives of aniline containing several negative groups. 
The base is dissolved in sulphuric acid (inonohydrate), the 
solution cooled to —10"^ to —15° and a very concentrated solu¬ 
tion of sodium nitrite added in excess during 1-1^ hours, the 
liquid being well stirred. On diluting the solution any 
unaltered amine is often precipitated and can be removed 
by filtration. Fuming, 40 per cent, hydrochloric acid may 
sometimes be used instead oO sulphuidc acid. 

This method has been successfully applied in diazotis¬ 
ing dinitro-p-toluidine (II) ^ and 1- and 2-aminoalizarin are 
also diazotised in ice-cold concentrated sulphuric acid solu¬ 
tion.^ 

Another even more suitable methodconsists in dissolving 
the amine (such as 3 :4-dinitroaniline) in concentrated nitric 
acid (D 148 or more) and adding exactly the amount of 
sulphurous acid required to reduce sufficient nitric to nitrous 
acid. It is still more convenient to mix the finely powdered 
base with potassium metabisulphite and add the mixture 
gradually to the nitric acid (two or three times the weight of 
the base). 

The quantity of metabisulphite required is given by the 
equation : 

K^SA + SHNO3 = K AO7 + SHNO2. 

2 :4-Dinitroaniline may also be converted into the diazo¬ 
compound by adding it to a solution of the calcuhated amount 
of nitrosyl sulphate in concentrated sulphuric acid and pouring 
the mixture on ice. The product may then be used for making 
azo-dyes.^ 

Although, as Griess found, the ortho-aminophenols can be 
easily diazotised (see p. 12), when the corresponding compounds 
of the naphthalene series are similarly treated difficulties 

2 : 5‘Dicliloroanilme caru.be diazotised in this way (Noelting and Kopp, 
Ber.^ 1905, 38, 3506) and also, it is stated, in 7 per cent, hydrochloric 
acid (Rohner, D. R-P 193211). 

^ Claus and Wallbauni, J. pr. Chem,, 1897, [ii], 66, 48. 

^ Claus and Bey sen, Annalen, 1891, 266, 224. 

^ Schultz and Erber, J, pr. Clmn.^ 1906, [iil, 74, 275. 

^ Witt, Ber., 1909, 42, 2953. 

s E. P. 6197 of .1894; D. R-P. 86071; F. P. 239096; U. S. P. 525656. 
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often arise owing to the oxidising action of the nitrous acid. 
This is especially applicable to the 1:2- and 2 :1 -aininonaph- 
thols. In order, therefore, to obtain diazo-»salts derived from 
these substances a number of methods have been employed with 
the object of avoiding this action. Thus the addition of copper or 
zinc salts to the solution of the amine or the use of the nitrites 
of zinc, nickel, mercury, &c., has been found efficacioxis.^ For 
example, 12 kilos of l-amino-2-naphtho]~4-sulphonic acid are 
mixed with 50 litres of water and ice and a solution of 1 kilo 
of copper sulphate added. A solution of 3*5 kilos of sodium 
nitiite is now slowly run in, and after diazotisation is complete 
the solution is filtered and the diazo-compound precipitated 
with hydrochloric acid. This diazo-compound may be dried 
and powdered,^ A second example is the following: ^ 48 kilos 
of the above acid are mixed and well stirred with a solution 
of 33 kilos, of zinc sulphate in 33 litres of water containing 
a little zinc hydroxide. The latter is formed by the addition 
of about 3 kilos of ammonia to the solution. A concentrated 
aqueous solution of 14 kilos of sodium nitrite is then added. 
The reaction is completed by warming for two hours at about 
40*^, and the mass is then acidified with acetic acid. By 
filtration and crystallisation, brilliant bronze needles of the 
diazo-compound are obtained. 

The diazotisation may also be efiected as follows : A solution 
of 7 parts of sodium nitrite in 20 parts of water is allowed to 
flow rapidly, with good stirring, into a mixture of 24 parts of 
l-amino-2-naphthol-4-sulphonic acid with a solution of 15 parts 
of common salt in 200 parts of water. Diazotisation is com¬ 
plete after about three-quarters of an houi*, and a clear brownish 
yellow solution is obtained. The diazo-oxide of the sulphonic 
acid is precipitated by acidifying this solution with hydro¬ 
chloric acid.^ 

It is stated also^ that the free acid may be added to a 


of 1904; D. R-P. 171024; P. P. 349989; U. S. P. 
793743. Compare also D. R-P. 172446, which describes the diazotisation 
^ ^ * hammonaphtliols hy the use of copper sulphate. 

- E. P. 15025 of 1904; P. P. 350055; U. S. P. 790364. ^ 

^ E. P. 23034 of 1905; D. R-P. 175593; P. P. 353786 
^ E. P. 10323 of 1906 ; B. R-P. 189179; P. P. 365919. 

German Pat. Aj)pl. P. 34725. 
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concentrated aqueous solution of sodium nitrite at 25-40° in 
order to obtain the diazo-compound. 

Another method consists in carrying out the diazotisation 
of these amino-compounds in presence of excess of acetic or 
oxalic acid.^ A difierent way in which the diazo-compound of 
l-amino- 2 -naphthol-I-sulphonic acid may be obtained consists 
in treating diazotised l-naphthylamine- 2 :4-disulphonic acid 
with an alkali carbonate in the cold, by warming with an 
acetate or an alkali nitrite, or by allowing it to remain in the 
presence of a dilute mineral acid; the 2 -sulphonic group 
is displaced by the hydroxyl group.^ 

An alternative method is to protect the hydroxyl group by 
acetylating it, when the amino-group can be diazotised in the 
normal manner, and the diazo-compound is then hydrolysed 
with dilute aqueous alkalis.^ The coiTesponding di- and 
tri-sulphonic acids are readily diazotised in dilute sulphuric 
acid solution at 0-5The diazo-compounds derived from 
such aminohydroxynaphthalenesulphonic acids are so stable 
that they can be sulphonated,^ nitrated,^^ chloxdnated,’^ and 
brominated.® 

It is singular that the 2: 3-aminonaphthols can be smoothly 
diazotised in the usual manner.*^ 

§ 6- Other methods of preparing solutions of diazo-salts.— 

In addition to the methods given in §§ 1 and 2 which were 
used to obtain dry diazo-salts, many other ways of producing 
these compounds in solution have been used. For example, 
diazobenzene chloride can be obtained by the action of zinc 
dust and hydrochloric acid on a solution of aniline nitrate, 
thus 

CgH, . NH^, HNO 3 - 1 - Zn -h 3HC1 = C,H,. N Cl -h ZnOl, + 

1 D. R-P. 1550S3. 2 E. P. 27372 of 1903; E. P. 338819. 

2 D. R-P. 181714. D. R-P. 184477. 

^ D. R-P. 176618, 176620. 

« E. P. 15418 of 1904; D. R-P. 164665; F. P. 349996; U. S. P. 
790363, 176619. Coinparo also B. R-P. 206698, 224387. 

^ E. P. 20072 and 20073 of 1911; D. R-P. 246573, 24G574; F. P. 434405; 
U. S. P. 1023199, 1026257, 1028006. 

« E. P. 3508 of 1911; D. R-P. 236656; F. P. 425837. 

E. P. 28107 of 1897. 

Mdblau, D. R-P. 25146, Ben, 1883, 16, 3080. 
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It is obvious that the action is a reducing one, the nitric acid 
being converted into nitrous acid by the nascent hydrogen. 

A reaction similar to this is the production of diazo-salts 
from the nitrites of aromatic amines by treatment witli a 
mineral acid ^ 

In the oxidation of anthraquinone to quinizarin by means 
of sulphuric acid and sodium nitrate in the presence of boric 
acid and mercury sulphate an intermediate product, 1-hydroxy- 
4-diazoantbraquinone sulphate, is formed at 120-150°. On 
cooling and adding sodium hydroxide, the diazo-compound is 
precipitated.^ 

Bamberger found that when nitrosoacetanilide, 

CeH-. NAc.NO, 

was triturated with excess of 50 per cent, potassium hydroxide 
the resulting solution showed the presence of a diazo-compound 
(the nature of this, existing in an alkaline solution, will be 
explained later), and when a solution of sodium methoxide 
in absolute methyl alcohol is added to an ethereal suspension of 
nitrosophthalimidine and the mixture treated with dry carbon 
dioxide methyl o-diazomethy Ibenzoate, COgMe . C^jET^ . CH : Ng, 
is obtained.^ 

Certain iiitroso-compounds, which contain the nitroso-group 
in the benzene nucleus may be directly converted into diazo¬ 
compounds by the action of three molecular prof)Oidions of 
nitrous acidj thus 

R.NO + 3HNOg = R.Ng. NO 3 -h HNO 3 + 

The method has been successfully applied to the preparation 
of the diazo-derivative of diphenylamine from the ^;-nitroso- 
compound.*^ 

Quinoneoxime also, when treated with nitrogen trioxide in 
ethereal solution, yields the corresponding diazo-salt.*^ 

The formation of diazo-compounds by the interaction ot 

^ Wallach, Annalen, 1907, 353, 322. 

2 E. P. 27373 of 1904; D. R-P. 161954; F.P. 348926. 

« Ber., 1894, 27, 915 ; compare E. P. 13577 of 1894. 

^ Oppe, Ber., 1913, 46,1095. 

^ 0. Fischer and Hepp, Annalen^ 1888, 243, 282, 

« Hantzsch, Ber., 1902, 35, 894. 

" Jaeger, Ber,^ 1875, 8, 894. 
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nitrogen peroxide and quinonedioximes ^ is of much interest 
from a theoretical point of view (see p. 186). When, for 
example, thymoquinonedioxime is treated with nitrogen 
peroxide a nitrosodiazo-derivative is obtained 


GH 3 CH. 

^\noh i^Nno 


HON NO.,N,k^/' 

’ C.,H^ 

Diazo-compouiids are also obtained by the oxidation of 
phenylhydrazines with mercuric oxide ^ or acetate,'^ with 
nitrous acid in the presence of a strong mineral acid,^ and 
with bromine.^ In the latter reaction bromodiazo-salts were 
pi'oduced, but in more recent experiments by Chattaway ^ 
a quantitative yield of the diazo-salts was obtained by the 
action of chlorine or bromine on phenylhydrazine. 

The action of acidic chlorides on thionylphenylhydrazone 
also furnishes diazo-compounds, and the formation of diazo¬ 
benzene by the interaction of benzenesulphohydroxamic acid 
and phenylhydroxylamine has been observed.® The former 
decomposes with the formation of the nitroxyl group, which 
reacts with phenylhydroxylamine, thus : 


C,E,. NH.OH -I- NOH = CJI ,. Ng. OH + H^O. 

An electrolytic process for the preparation of diazo-salts has 
been patented.^ As the method is carried out at temperatures 
of from 40° to 90°, under which conditions the diazo-salt 
would be very quickly decomposed, *the latter is immediately 
combined with a hydroxyl compound, such as ^-naphthol-3 : 6 - 
disulphonic acid (' R salt ’). A solution containing a mixture of 
aniline, sodium nitrite, and R salt is charged into a suitable 
cell at the platinum electrode whilst dilute sodium hydroxide 


^ Oliveri-Tortorici, Gasisetta, 1900, 30, i. 526. 
^ E. Eischer, Annalen^ 1879, 199, 820. 

^ Bamberger, Ber., 1899, 32, 1809. 

^ Altscbul, J. pr. Chem.f 1896, [ii], 64, 496. 

^ Micliaelis, Ber., 1893, 26, 2190. 

« Trans., 1908, 93, 852. 

’ AnnaJen, 1892, 270, 116. 

® Ansreli, Ber.. 1904. 37, 2390. 
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surrounds the nickel cathode. On electrolysing, the diazo-salt 
is formed and at once condenses with the R salt, witli the 
production of the azo-dye. 

A somewhat indirect method of obtaining diazo-salts was 
observed by Lauth,^ who found that certain azo-dyes were 
decomposed into quinones and diazo-compounds by treatment 
with an oxidising agent, such as lead peroxide and sulphuric 
acid. It has been found also ^ that by the action of red fuming 
nitric acid on azo-dyes, a reaction first studied by Meldola,^ 
oxidation and nitration takes place, and diazo-compounds, 
together with nitro-derivatives of the second constituent of 
the dye, are formed. The first action, according to Oharrier 
and Ferreri,^ is to form a nitrate, which then decomposes, 
giving a nitrophenol and a diazo-nitrate. 

In the case of methyl orange dilute nitric acid decomposes 
it with the formation of dinitromethylaniline and diazobenzene- 
sulphonie acid.® 

Azo-dyes are also decomposed by chlorine, bromine, or 
hypochlorous acid to give a diazo-salt and a halogenated 
compound, thus benzeneazophenol, with chlorine, yields diazo¬ 
benzene chloride and 2:4: 6-trichlorophenoL® 

§ 7- The action of nitrous acid on aromatic substances 
containing more than one amino-group.— In investigating the 
action of nitrous acid on diamines or triamines of the aromatic 
series, one would expect each amino-group to become converted 
into the corresponding diazo-group. Although in most cases, 
perhaps, this is the primary action, yet ’ very often some 
secondary reaction ensues with such rapidity that no diazo- 
salt can be isolated by the usual means, and special methods 
have to be employed. 

Very striking difierences in behaviour are exhibited by the 
three phenjdenediamines.'^ When a dilute solution of sodium 

^ Bull, Soc. cliim., 1891, [iii], 6, 94. 

2 0. Scliniidt, Ber., 1905, 38, 3201. 

^ Proc,, 1894,10, 118 ; Trans,, 1889, 55, 608 ; 1894, 66, 841. 

'Gazzeita, 1914, 44, i, 165. Comxoare 1916, 46, ii, 1. 

Fox, Ber., 1908, 41, 1989. 

® M. P. Schmidt, J. pr, Chem., 1912, [ii], 86, 235. 

^ Compare Vignon, Conipt, rend, 1906,142, 159. 
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nitrite is added to a dilute solution of the sulphate of 
6 »-phenylenediamiue, aziminoben^eiie is formed ^ according to 
the equation— 

Griess obtained this substance by acting on o-phenylene- 
diamine hydrochloride with /j-diazobenzenesulphonic acid.^ 
It has not yet been found possible to prepare the tctrazo- 
compound. In the case of o-tolylenediamine a similar reaction 
takes place, and it has been shown ^ that the amino-group 
which is in the meta-position relative to the methyl group is 
converted into the diazo-grouj) before internal condensation, 
resulting in the formation of the azimino-coinpound, takes 
place. 

m-Phenylenediamine behaves very differently. When a 
solution of the hydrochloride is treated with sodium nitrite, 
the well-known dye 'Bismarck Brown’ is obtained. This 
is the hydrochloride of bisbenzeneazophenylenediamine, II 
the nitrite is added suddenly, a certain amount of nitroso-m- 
phenylenediamine is formed/^ 

When the reaction, however, is carried out in a different 
manner, both amino-groups may be diazotise^f, forming a 
tetrazo- or bisdiazo-compound. Thus Griess ^ showed that 
the reaction could be successfully brought about by taking 
care that both the nitrite solution and hydrochloric acid are 
always in excess of the diamine. A two per cent, solution of 
971-phenylenediamine hydrochloride is prepared, and, on the 
other hand, a dilute solution of sodium nitrite of specific 
gravity I*l. To the latter is added an equal volume of 
hydrochloric acid of specific gravity IT5, and then the 
diamine solution added slowly, keeping the mixture well 


^ Ladenburg, Ber., 1876, 9, 221. The formula given in the equation 
for aziminobenzene is that proposed by Kekule (‘Lehrbuchii, 739), 
which recent work has shown to be correct (Morgan and Godden, Tj-ans,, 

1910, 97,1702). Griess {loc. cit.) regarded the compound as CeH 4 <^ | 


‘NH 


(see also Morgan and Micklethwait, Trans., 1908, 93, 602). 

2 Ber., 1882,15, 2195. 

3 Noelting and Abt, Ber., 1887, 20, 2999. 

^ Tauber and Walder, Ber,, 1900, 33, 2116. « Ber., 1886, 19, 317. 
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stirred until the dark yellow solution of the tetrazo-compound 
is obtained. A later modification of this method is the 
following: ^ 80 c.c. of fuming hydrochloific acid are diluted 
with about 400 grams of ice and cooled witli a freezing mix¬ 
ture. To this is added a solution of 15 grams of sodium 
nitrite in cold water, so that a strong solution of nitrous acid 
is obtained. To this solution is added quickly a cold solution 
of 9 grams of m-phenylenediamine hydrochloidde to wliicli 
10 c.c. of concentrated hydrochloric acid have been added. 
The mixture is well stirred during the operation, and a clear 
yellow solution of the tetrazo-compound is obtained. Other 
methods consist in adding the nitrite solution to a mixture 
of the diamine with a large excess of hydrochloric acid,^ or 
in pouring a mixture of the diamine and nitrite into ice-cold 
dilute hydrochloric acid.^ The dry tetrazo-chloride has also 
been prepared 

The tetrazo-compound derived from m-tolylenediamine is 
prepared similarly.^ 

Substituted ^n-phenylenediamines, containing the sub¬ 
stituent attached to that carbon atom which is in the ortho¬ 
position to both amino-groups are, as a rule, easily tetrazo- 
tised. Thus the 97i-tolylenediaminesulphonic acid of formula 

NH, 

cu/ \sO3H 

is tetrazotised without difiiculty,^ as are also such diamino- 
hydroxy-compounds as those of the formulae 


OH 

OH 

OH 

OH 

nhX'^nh^ 

NHa^^NHa 

Nh/Y'H2 

^'^|NHJ 

V 

\/ 

1 

\/ 

Cl 

CH3 

co.h 

NH3 


^ Tiiuber and Waller, 1897, 30, 290L 
2 E. P.1593 of 1888. 

» Epstein, D. R-P. 103660. 

^ Hantzsch and Borghaus, Ber,, 1897, 30, 93. 

D. E-P. 103685. « E. P. 17546 of 1892. 

E. P. 18624 of 1900, D. E-P. 168299; derivatives of the latter, such 
as 2 : 4-diaininoanisole and 2: 4-dianiinophenetole, are also readily tetra¬ 
zotised (D. R-P. 258653). 
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In order to cliazotise only one aniino-group in sulphonated 
'}7t-diamines, the solution of the base is mixed with the calcu¬ 
lated quantity of alkali nitrite and then mineral acid added; 
by this means the diamine is always in contact with the 
requisite quantity of free nitrous acid, and tlie diazotisation 
proceeds smoothlyd 

In the case of the compound 

KH, 

oh/ \so,h 

nh;"' 

the monoacetyl derivative can be diazotised and then the very 
stable diazo-compound hydrolysed to the aminodiazo-com- 
pound*^ 

Griess also studied^ the action of nitrous acid on 2>pheny- 
lenediamine, and stated that the principal product of the 
reaction when carried out in the usual way consisted of 
aminodiazobenzene chloridej one only of the amino-groups 
having been diazotised. It was found, however, that by this 
method a mixture of the diazo- and the tetrazo-compounds 
was obtained.^ 

Later, Griess ^ was successful in preparing the tetrazo-com- 
pound by using the same method as he had employed in the 
preparation of the m-tetrazobenzene chloride, and the dry 
tetrazo-sulpliate has been obtained in small amount/ 

The use of a diazo- and tetrazo-eompound derived from 
2:>-pheny]enediamine has become of very great practical im¬ 
portance in the manufacture of azo-dyes, but as it is essential 
that a single compound and not a mixture of diazo- and 
tetrazo- should be prepared, and, further, that no large excess 
of nitrous acid should be present, these compounds are now 
prepared indirectly. 

For this purpose either ^j-nitroaniline or ^9-aminoacetanilide 
is used as the starting-point. If a compound involving the 

1 D. E-P. 152879. 

2 D. R-P. 182853. 

» Ber., 1884,17, 697. ' 

Nietzki, Ber., 1884,17, 1350. 

Ber., 1886,19, 317. 

® Hantzsch and Borghaus, loc, cit. 
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use of the diazo-cliloride is required, the above substances 
are diazotised in the usual and, after coupling with the 

desired coinjDonent^ the nitro-group is reduced by sodium 
sulphide solution, or the acetyl group is removed by heating 
with sodium hydroxide. In each case, if X denotes the com¬ 
ponent, there is obtained the compound 

H3N<^ ^NaX. 

If the tetrazo-compound had been desired, this product is 
now diazotised in the usual way, and the diazo-compound 
coupled with a molecule of the same component X, or a 
different one Y, giving a dye derived from the tetrazo- 
compound of 2>phenylenedianiine, ot‘ formula 

^N,X. 

In the event of the component X containing an amino- 
group, and at the same time (as is usual) belonging to the 
naphthalene series, care is taken to use the calculated quantity 
of sodium nitrite (one molecule), when the amino-group 
united to the benzene ring is completely diazotised, leaving 
the other amino-group intact. This can generally be also 
diazotised by using a second molecule of nitrite. 

We have seen already (p. 16) that certain substituted 
amines present difficulties to the diazotising process, some, in 
fact, being incapable of diazotisation by the usual method. 
Similar examples occur amongst the substituted diamines: 
thus o-nitro-2:>-phenylenediamine cannot be directly converted 


^ It is singular that, although ^-aminoacetanilide, NHg. . NHAc, 

is very easily diazotised, methyl-jj>-phenylenediamine, NHg". . NHMe, 
cannot be thus transformed, nitrogen being evolved even l 3 elow 0° by 
the action of nitrous acid (Hantzsch, J5er., 1902, 35, 896). In the case 
of jp-aminoacetanilide if hydrochloric acid is added to the diazo-solution 
and the whole heated at 70° for an hour, the acetyl group is eliminated 
and jo-aminodiazobenzene is produced. This combines very slowly with 
‘R’ salt (E. R-P. 205037). The same diazo-eomj)ound is obtained by 
di«'?^>'e^'^enesulphonamic acid with dilute acid(I). R-P. 221301). 
• of ^-aminoacetanilide is effected in acetone solution 
with liquid nitrous anhydride, acetyl-|)-plienylenediazoiinide. 


IST 

iN. 


\n.CO. 

-/I 


CH,. 


is produced (Morgan and Upton, Trans,, 1917, 111, 187). 
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into the tetrazo-compoimcl, but only the diazo-compound is 
formed. Even an excess of nitrite fails to convert more than 
one amino-group into the diazo-gToup,^ the constitution of 
the product being in all probability 

NO2 


NH 




>N,0]. 


The niti'O-iJ-phenylenediamihe is best diazotised by dis¬ 
solving the hydrochloride in -water, adding an excess of acetic 
acid, and then excess of sodium nitrite at 5-10°. It is very 
remarkable that if the diazo-coinpound is coupled with a 
component such as R salt and an azo-dye formed, the remain¬ 
ing amino-group may now be easily converted into the 
diazo-group.^ Other instances of this are known in the 
naphthalene series (see p. 29). Differences in the behaviour 
of two amino-groups in the substituted benzene molecule had 
indeed been detected by Griess, who found that ^-diamino- 
benzoic acid yielded p-aminodiazobenzoic acid and not the 
tetrazo-derivative.® 

A similar example occurs in the diphenyl series, thus only 
one amino-group in 6 ; 6^-diaminodiphenic acid 

COoH CO,H 

-\_/^\ 

\ / \ _ / 

"TIHa Nld^ 

can be diazotised, whilst 6-aminodiphenic acid cannot be 
diazotised at alb* 

The diamines of the diphenyl series have attained very 
great importance owing to their use in the production of 
dyes which dye cotton without the aid of a mordant. Ihe 
simplest of these is benzidine, 


NH, 




x 




which presents no difficulty in undergoing diazotisation 
(contrary to the statement of Kauder^), the most suitable 


^ Billow, Ber., 1896, 29. 2285. 

' j/s^chStSchall, Ber., 1905, 38, 8769. 
® Annahn, 1907, 361, 151. 


i Ber., 1884,17, 603. 
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temperature being 8-10°, and both amino-groups being easily 
diazotised. 

It is also possible to obtain the monodiazo-compound by 
mixing solutions of benzidine hydrochloride and tetrazo- 
diphenyl chloride and allowing the mixture to remain for two 
or three days at 10-20°.^ After filtering off the dark-coloured 
insoluble by-products, the solution contains principally ainino- 
diazodiphenyl chloride— 

NH,< ^ \ -<^ \n,C 1 . 

Another method consists in treating benzidine hydrochloride 
in neutral or acid solution at 10-15° with one molecular pro¬ 
portion of nitrous acid when the diazoamino-compound 

OoH,- 

is formed; this with excess of hydrochloric acid gives the 
above monodiazo-compound.^ 

Other diamines, such as tolidine, dianisidine, ethoxybenzi- 
dine, dichlorobenzidine, nitro- and dinitro-benzidine, diamino- 
stilbenedisul phonic acid, are tetrazotised in exactly the same 
manner as benzidine. 

Turning now to the naphthalene series, the phenomena 
observed in the diamines of the benzene series are again 
present. 

Those diamines containing the amino-groups in the ortho- 
or peri-positions yield with nitrous acid azimino-compounds 
(2:3-naphthylenediamine).^ Their sulphonic acids behave 
similarly.^ 1:2-K‘aphthylenediamine, being unsymmetrical, 
gives rise to a mixture of two azimino-compounds.^ .. 

The meta-diamines behave like the m-diamines of the 
benzene series, giving brown colouring matters, 

' Tauber, 1894, 27,2627. 

- Vaubel and Scbeuer, Zeitsch. Farh.-Ind., 1906, 5, 61. 

3 1894, 27, 765. 

" E. P. 8645 of 1895. 

^ Morgan and Godden, Trans.^ 1910, 97, 1702 ; compare Morgan and 
Mickletiiwaifc, Trans,^ 1913,103, 71, 1391 1 Morgan and Seliarff, Trans., 
1914,105,117. 
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1:4~Naphtliylenediamine is cliazotised with, still greater 
difficulty than ^j-phenylencdiainine. Nitrous acid acts in this 
case also as an oxidising agent, and 1:4-naphthaquinone is 
formed. In order to obtain the diazo- or tetrazo-derivative 
the same method is adopted as in the case of _2^~phenylene- 
dianiine, namely, to convert one amino-group into the acetyl- 
amino-group and then to diazotise the remaining amino- 
groupd If this is then coupled with a suitable component, 
forming an azo-dye, the acetyl group may be eliminated and 
the free amino-group now diazotised. 

The same procedure is used in preparing the diazo- or 
tetrazo-derivatives of the 1:4-naphthylenediaminesulphonic 
acids, except in the case of the acid containing the SO.3PI 
group in the position 2 (I). This acid exhibits a great 


NH, 


NH, 

(I) 



N,X 

(II) 


tendency towards the formation of oxidation products when 
treated with sodium nitrite in the presence of mineral acids, 
but the diazotisation proceeds smoothly when acetic or oxalic 
acids are used.^ It is remarkable that only one amino-group 
is attacked, and it has been found impossible to prepare 
a tetrazo-derivative. This behaviour is to be attributed, per¬ 
haps, to the protective action of the sulphonic acid group, and 
consequently the diazo-compound probably possesses the con¬ 
stitution (II), X being the organic acid radicle. 

If now this diazo-compound is coupled with a phenol or 
naphthol, the resulting azo-dye is easily diazotised. This 
behaviour is analogous to that exhibited by o-nitro-p-pheny- 
lenediainine (p. 26). 

It has been found also that if the monoacetyl derivative ot 
this sulphonie acid is prepared, the formula of which is 
probably 


1 

2 


B. P. 18783 of 1891. 
B. P.2946 of iisc 


547,043 


Lib 





742 


B'lore 


\ h 
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nh.co.ch:3 

the free aiiiino-group readily undergoes diazotisationd 

The remaining naphthylenediamines and their sulplionic 
acids are easily converted into the tetrazo-compoundsd 

0 “Dianiinoanthraquinones, such as 1:2- and 2: 3 -diamino- 
anthraquinones, like the o-diamino-compounds of the naph¬ 
thalene series, give the corresponding azimino-compounds,^ 
but the 1 :4-diamino-compound can be readily diazotisedd 
The transference of triamines into the corresponding diazo¬ 
compounds cannot be illustrated by many examples, as cases of 
this are rare. The best known are probably those of rosaniline 
and pararosaniline. These bases, containing, of course, three 
free amino-groups, were diazobised by Caro and Wanklyn*'" 
and E. and 0. Fischer,^ who thus prepared compounds con¬ 
taining three diazo-groups. 

The formation of diazoamino-compounds in this reaction 
has also been observed^ 

§ 8. ' Solid diazo-compounds.’ —Mention has already been 
made of the great technical importance of diazotised p-nitro- 
aniline, owing to its use in the production of the 'para-red 
by combination with /3-naphthol on the cotton fibre. 

In order to enable the dyer to avoid the preparation of this 
and other diazo-compounds in the dyehouse, several processes 
have been adopted for the purpose of supplying the users 
with the di azo-compound ready made. 

1 E. P. 17064 of 1896. 

* E. P. 26020 of 1896; see also Lange, Chem. Zeit.^ 1888, 12, 856. 
Kaufler and Karrer 1907, 40, 3263) could only diazotise one 

amino-group of 2: 7-naplithylenediamine, using amyl nitrite in alcoholic 
solution, but patents have been previously granted for bisazo-dyes horn 
the tetrazo-compound, and Morgan and Micldetliwait {Trans., 1910, 97, 
2557), using nitrosyl sulphate in concentrated snlphuhe acid solution, 
isolated and analysed the tetrazo-siilphate. 

« E. P. 17829 of 1912; D. R-P. 254745 ; P.P. 453313 ; U. S.P. 1065440. 

^ Schaarschmidt, Ber., 1916, 49, 2678. 

® Chem. News, 1866, 14, 37. « Annalen, 1878, 194, 269. 

Pelet and Redard, Bull. Soc. clihn., 1904, [iii], 31, 644. 
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SucIl preparations mostly consist of a paste of the cliazo- 
compouncl in a very concentrated form, or of a sparingly 
soluble diazo-salt. A remarkable compound, produced by the 
action of alkalis on the diazo-chloride, which is very stable 
and yields the diazo-chloride on acidifying, has also been 
put on the market. The nature of this substance is fully 
discussed on p. 112 . 

It is prepared by treating the p-nitrodiazobeiizene chloride 
or other diazo-salts containing nitro- or halogen groups with 
caustic alkali at 60-70°.^ The diazo-salts prepared fi'om 
aniline and its homologues are treated at 120'^.^ Nitroso- 
acetanilide may be similarly treated instead of a diazo-salt." 

The substances formed may be dried or used as a paste; 
by the action of a mineral acid the free diazo-chloride is 
regenerated.^ 

The diazo-compound of jo-nitroaniline, after having been 
treated in this manner with alkali, is known as 'Nitrosamine 
red in paste ’. Another Avay in which to obtain the diazo-salt 
in a more stable condition is to mix it with a solution of 
sod ium a-naphthalenesul phonate,''^ naphthalene-/3-&ulphonic 
acid, the compound with which has the formula, 

NO^. C 0 H 4 . N 2 . SO 3 . -h CioH,. S03Na -F H,0, 

and is called 'Paranil A’,^ sodium nitrobenzenesulphonate,'^ 
sodium naphthalenedisulphonates,® naphthalenetrisulphonic or 
anthraquinonesulphonic acids,^ and the tetrazo-salts of benzi¬ 
dine, &C.J can be condensed with sodium 2-naphthol-3 : 6:8- 
trisulphonate, or sodium 2-naphthol-l-sulphonate, when addi- 

1 E. P. 20605 of 1893 ; D. R-P. 81134, 81202, 81206 ; F. P. 234029 and 
3rd addition ; U. S. P. 531973, 531975. 

2 E. P. 3397 of 1894, 13460 of 1895 ; D. R-P. 84609 ; F. P. 234029, 4th 
addition. 

s E. P. 13577 of 1894; D. R-P. 81204, 84389; F. P. 234029, 3rd addi¬ 
tion ; U. S. P. 531973, 531976. 

^ See Schwalbe, Zeitseh. FarK-Licl, 1905, 4, 433 ; Bev., 1909,42, 1425 
Bucherer and Wolff, ibid., 881; Bucherer, ibid., 1852. 

s E. P. 18429 of 1894. 

« Witt, E. P. 11290 of 1918 ; D. R-P. 264268; F. P. 458493 ; U. S. P. 
1093567. Chevi. Zeit, 1913, 37, 697. 

D. R-P. 88949. 

^ D, R-P, 94280. Compare also Siefert, Bull, Soc. ind. Miilhouse, 1912, 
82, 586. 

« E. P. 2037 of 1912; D. R-P. 263431; F.P.439535; U. S. P, 1057137. 
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tive coiYLpounds, and not azo-dyes, are obtainedd The diazo¬ 
solution prepared fi'om ^^-nitroaniline may be precipitated 
with a concentrated solution of sodium boroliuorided Furtl ier, 
the zinc chloride or stannic chloride double salts of diazotised 
amines^ or aininoazo-compomids are also prepared*^ All 
these stable compounds may be dried. 

A simpler method is to diazotise the nitroaniline in a very 
concentrated solution by passing nitrous acid gas through 
a solution of 2 ^-iiiti'oa^iliiie in sulphuric acid, or even to 
evaporate the diazo-solution (prepared from sulphuric acid) 
in a vacuum at a temperature not exceeding 45*^. Anhydrous 
sodium sulphate is now added, which, with the excess of sul¬ 
phuric acid, is converted into the bisulphate, and the paste, 
which soon solidifies, may be powdered.^ A recent modifica¬ 
tion of this process is the following: 21 kilos of p-nitroaniline 
are mixed with 36-6 kilos of a mixture of equal parts of 
nitrosulphuric and sulphuric acids; when diazotisation is 
complete; 8 kilos of magnesia and then 36 kilos of powdered 
potassium or sodium sulphate are added. The mass becomes 
stiff in a shoid time and can be ground to an almost colourless, 
very stable powder.^ The substance obtained from diazotised 
_ 2 >nitroauiline in this way is called ' Azophor red P.N.', 
‘ISlitrazol Oh Azogen red, and Eenzonitrol; and that from 
diazotised dianisidine ‘Azophor blue D(For instances of 
the elimination of groups during diazotisation see p. 75.) 

1 E. P. 8989 of 1895; D. E-P. 92169; P. P. 251403; E. P. 11757 of 
1895 ; D. E-P. 93305; F. P. 251403. 

2 D, R-P. 281055. 

^ .Tusfcin-Mueller, Bev. Oen, Mat. Col-^ 1914,18, 4. 

^ E. P. 1645 of 1896; D. R-P. 89437. 

s E. P. 21227 of 1894; D. R-P. 85387; P. P. 242575; U. S. P. 557228; 
E. P. 15353 of 1897. 

« E. P. 23945 of 1913; D. U-P. 281098; F. P. 473864. 



OHAPTEE III 

THE MECHANISM OP THE DIAZOTISING PHOCESS 


§ 1. Therinochemisbry.—The following ai'e examples of 
values whicli have been recorded for the heat of formation of 
diazo-eompoundsd 

Diazobenzene in aqueous solution: 

CgH,. NHj,. HCI + HN= 2 N 2 O + C^Hs. N^Cl + S 2-80 Cal. 

The heat of solution of diazobenzene chloride in water 
is -1-84 Cal. 

The neutralisation of the solution with sodium hydroxide is 
represented by the equation: 

C„I-L, .N^Cl + 3NaOH= CcHg.N^.ONa + NaCl + H,0 + 5-28 Cal. 
The heat of formation of diazobenzene acetate is + 23'28 Cal. 

a-Diazonaplith.alene chlm^ide in aqueous solution: 

Ci,J-E. NHg, HCI + HNOo = 2H,0 + C^.H^. N^Cl + 24-82 Cal. 
Ci„H 7 .N 2 Cl + 2 NaOH 

= NaCl + HgO + C'loH,. . ONa + 4-84 Cal. 

Diazohenzene-^-sul'phonio acid in aqueous solution: 

SOgNa. CeH,. NH, + HNO^ 

= H,0 + SO^Na. CbH^ . N 2 . OH +16-00 Cal. 
SO,Na . C 0 H 4 • ^2 • OH + NaOH 

= SO.,Na. C„H 4 . Na. ONa + H^O + 5-46 Cal. 

Diazobemene-Q-caThoxylio acid in aqueous solution : 
CO^H.C^H^.NH^ + HNO^ 

= 2 H 2 O + C(.H,/§JJ\0 + 21-42 Cal. 

1 Sventoslavsky, Ber., 1910, 43, 1479,1488,1767 ; 1911,44,2429, 2437 ; 
J. Buss, Flips. Chom. Soc., 1913, 45, 1739 ; Sventoslavsky and Manoszon, 
J, Buss. Flips. Cliem. Soc., 1913, 45, 1765. Earlier experiments are re¬ 
corded by 13erthelot and Vielle, Comp, rend., 1881, 92, 1076, and by 
Vignon, Compt. rend., 1888, 106, 1162; Bull. Soc. 1888, [ii], 49, 
906. 
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§ 2. Explosibility of dry diazo-compounds.— It is found 
that nearly all diazo-salts are very liable to explode when in 
the dry state; the most unstable in this respect being those 
containing nitro-groups. Thus diazobenzene nitrate^ is more 
explosive than the sulphate, and a case is on record where 
23-nitrodiazobenzene nitrate exploded violently when lightly 
touched with a platinum spatula.^ 

Great care must be taken, therefore, in handling these sub¬ 
stances, as they are extremely unreliable, and may never be 
regarded as safe. Diazobenzene chloride, usually looked on 
as comparatively stable, exploded on one occasion, apparently 
spontaneously, with very great violence ; and a violent ex¬ 
plosion of dry diazobenzenesulphonic acid, which had been 
prepared some years previously, occurred in 1901.^ An 
exactly similar accident befell the author of this book 
in 1896. 

In spite of the danger of working with such substances, 
determinations of the temperature at which diazo-compounds 
explode have been made. Thus dry ni- and jj-nitrodiazo- 
benzene chlorides explode at 118° and 85° respectively,^’ and 
diazobenzene nitrate explodes above 90°.^^ 

§ 3. Velocity of diazotisation. —The rate at which amines 
are cliazotised has been determined by Hantzsch and Schu¬ 
mann.'^ Diazotisation, of course, proceeds with extreme 
rapidity under ordinary conditions, and the experiments were 
therefore conducted with i\yi000 solutions. Using a colori¬ 
metric method for estimating the nitrous acid, it was found 
that, in presence of an excess of acid, the rate of diazotisation 
of aniline, 23-toluidine, m-xylidine, 2 >bromoaniline, and 2 :?-nitro- 
aniline is the same in each case. Further, if the temperature 
is raised, the rate is increased. 


^ Knoevenagel, Ber,, 1890, 23, 2994. 

^ Bamberger, Ber.^ 1895, 28, 538. 

^ Hantzsch, Ber., 1897, 30, 2342, footnote. 

^ VViclielhans, Ber., 1901, 34, 11. 

^ Oddo, Gaszetta, 1895, 25, i. 327. 

Bertheiot and Vielle, Compt. rend,^ 1881, 92, 1074. 
’ Ber., 1899, 32, 1691. 
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The reaction which takes place is of the second order, and 
the values obtained for the velocity-constant 

1 — ^ 
t(a-^x) 

were 0-036 for aniline, 0-038 for 2 >toluidine, 0-041 for 77^-xyli- 
dine, and 0-045 forp-bromoaniline in AyiOOO solution with one 
molecule of free acid at 0°. 

Schumann then measured the velocity by observing the 
fall of electrical conductivity which takes place during 
diazotisationd He was able to confirm the previous experi¬ 
ments, and concluded that all aromatic amines are diazotised 
at approximately the same speed. 

* Ber., 1900, 33, 527. Coinpave also Tassilly, Coinpf, rend., 1913. 157, 
1148 ; 1914,153, 335, 489. 
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CHAPTEE IV 


THE REACTIONS OF THE DIAZO-COMPOUNDS 

§ 1. Action of water. —When a diazo-salt is heated with 
water a phenol is formed ^ according to the equation 

X.N^-HSO.-fHoO = X.OH + H2SO4 + N2, 

X denoting’ the aromatic nucleus. 

The reaction is best carried out in the presence of sulphuric 
acid. If the diazo*nitrate is used the nitric acid liberated 
attacks the phenol, forming nitrophenols. 

The ordinary method of carrying out the operation is to 
diazotise in the presence of sulphuric acid and then to add, if 
necessary, a further quantity of sulphuric acid. The solution is 
then either directly boiled until no further evolution of nitrogen 
takes place, or steam may be passed into the solution, or the 
solution may be added slowly to boiling dilute sulphuric acid. 

In one or other of these ways most diazo-compounds yield 
the corresponding phenol, which is isolated by the usual 
means. For example, 4:4'-dihydroxy diphenyl is obtained 
in the following manner. 25 grams of benzidine are dis¬ 
solved by the aid of heat in 500 c.c. of water and 90 c.c. of 
concentrated hydrochloric acid. The solution is cooled to 5° 
by adding ice, and then 18 grams of sodium nitrite dissolved 
in a small quantity of water are poured in slowly, the tempera¬ 
ture not being allowed to rise above 10°; this is effected by 
adding more ice if necessary. 

100 grams of concentrated sulphuric acid are now added, 
and steam is passed into the mixture until crystals of dihy- 
droxydiphenyl begin to separate and the solution gives no 
further colour with an alkaline solution of R salt or /?-naphthol. 
On cooling, the precipitate is filtered, dissolved in dilute sodium 

' Grie?5g, Annnlen^ 1866,137, 67. 
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li} droxidej the bolutioii filtered from any insoluble matter, and 
i*eprecipitated by hydrochloric acid. The dihydroxy diphenyl 
is recrystallised from dilute alcohol when it is obtained pure."^ 

The process is carried out on the large scale in the manufac¬ 
ture of several naphthol- and diliydroxynaplithalene-sulphonic 
acids, and a classical example of this decomposition, as ajDplied 
to diazo-com pounds derived from triamines, is the production 
of aurin from pararosaniline.^ 

Owing to the very great reactivity of the diazo-salts and their 
well-known capacity of coupling or combining with phenols, 
it is obvious that there is a great tendency for secondary 
reactions to take place, interfering, to a certain extent, with 
the quantitative production of the hydroxy-compounds; 
further, owing to the extreme differences in the relative 
stability of diazo-salts, other more obscure side reactions are 
liable to intervene, particularly in those cases where the 
decomposition can be completed only by long heating. 

Secondary reactions occur indeed even in the simplest case; 
thus in the decomposition of diazobenzene sulphate a small 
quantity of hydroxydiphenyl is formed in consequence of the 
action of some of the undecomposed diazo-compound on 
phenol.^ 

. HSO 4 + CoH,. OH == . OH -f PI,SO, 4 - N^. 

In very many cases also, particularly in the naphthalene 
series, the solution becomes deeply coloured owing to the 
coupling of the diazo-compound with the naphthol formed, with 
production of the azo-dye.'^ Thus in the decomposition of 
diazo-a-naphthalene-4-sulplionic acid this reaction invariably 
occurs, even in the presence of sulphuric acid; consequently 
a large excess of acid is usually taken in order to limit this 
formation of colouring matter as far as possible. The 
following is a large-scale recipe: Forty-five kilos of sodium 
naphthionate are dissolved in water, 80 kilos of hydrochloric 
acid added, and the naphthionic acid is diazotised by the 
addition of a 25 per cent, solution of 37-5 kilos of sodium 

* Compare also Hirscli, Ber,^ 1889, 22, 335. 

2 Amialen, 1878, 194, 301. 

3 Hirsch, Ber,, 1890, 23, 3705. 

' Trans,, 1903, 83, 221. 
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iiitrifcG. Tho diazo-conipouiicl is allowed to settle, the clear 
liquor decanted, the precipitate washed twice with water and 
made up to 450 litres (the diazo-coinpound may also be 
collected in a wooden filter-press). The mixture is then run 
gradually into a boiling mixture of 750 kilos of water and 
37-5 kilos of sulphuric acid. Nitrogen is evolved and the 
solution turns red owing to the reason explained above. When 
gas ceases to be evolved, the solution is neutralised with 
46 kilos of sodium carbonate and used direct for making 
azo dj^esd 

There are many cases recorded in the literature where it 
has been found impossible to obtain even a trace of an 
hydroxy-compound by carrying out the decomposition in the 
manner described above. Most of these occur among extremely 
stable diazo-compounds, such as those deinved Horn the halogen 
or nitro-substituted amines.^ 

Kecognising that the cause of this might be due to an 
insufficiently high temperature, Heinichen^ adopted the method 
of heating the concentrated diazo-solution with concentrated 
sulphuric acid, whereby the boiling-point becomes raised to 150". 
In this way he obtained 2:6-dibroaiophenol from the corre¬ 
sponding diazo-salt after the usual method had failed. 

As, however, the stability of diazo-compounds has been 
shown to increase with addition of sulphuric acid,^ this method 
is not always successful. 

A novel way of attacking the problem is the following.^ 
The non-production of phenols in certain cases being evidently 
due, as already indicated, to condensation between the diazo¬ 
compound and the phenol formed, any process depending on 
the removal of the latter when set free would be expected to 
stand more chance of success. The method adopted is there¬ 
fore to carry out the decomposition by dropping the diazo- 
solution into a mixture of dilute sulphuric acid and sodium 
sulphate heated to 135-145°, and allowing any volatile products 

^ Nevile and 'Wiiitlier, Trans., 1880, 37, 682 ; Dahl, E. P. 2296 of 
1883; Erdmann, Annalen, 1888, 247, 341. 

- Amer. Chem. J., 1889,11, 319. 

^ AnnaUn, 1889, 253, 281. 

^ Be7\, 1905, 38, 2511. 

" E. P. 7233 of 1897. 
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to distil overd In this way the temperature is kept high 
without using concentrated sulphuric acid. 

By this means a good yield of guaiacol is obtained from 
the diazo-salt of o-anisidine,^ 3: 5~dichloroaniIine furnishes 
3 :5-diehlorophenol/'^ and the diazo-salts of s-tribromo- and 
s-trichloro-aniline, which under no other conditions could 
be made to yield phenols, gave a small yield of s-tribromo- 
phenol and s-trichlorophenol respectively,^ Another method 
ot* procedure is to decompose the diazo-compound at the 
moment of its formation by adding a solution of sodium 
nitrite to a boiling solution of the base in hydrochloric acid. 
In this way a good yield of ^j-nitro-o-cresol can be obtained 
from 2 >nitr 0 “ 0 “toluidine, but if the decomposition is carried 
out in the usual way internal condensation occurs, with the 
formation of nitroindazole.^ Certain derivatives of o-anisi- 
dine, the diazo-compounds of which have failed to yield the 
corresponding substituted guaiacol, would, in all probability, 
behave in the normal manner if one of the above methods 
were applied.^ 

Various other apparent exceptions to the general I'ule have 
been described by Wroblewski,'^ who obtained the substituted 
hydrocarbons only, and not the phenols, from the diazo-salts 
derived from dibromoaniline, dibromo-p-toluidine, and bromo- 
and chloro-^-toluidine. These diazo-salts have been recently 
examined, with the result that, in each case, the corresponding 
phenol was obtained.® Wroblewski’s results were probably 
due, as indeed he himself suggests,^ to the presence of alcohol 
used in the preparation. The production of dibromophenetole 

* An alternative method consists in adding the diazo-solution to 
a boiling 50 per cent, acjiieous solution of copper sulphate. (D. R-P. 
167211; P. 361734.) 

^ The diazo-sulphatc of p-anisidine yields quinol on heating with 
water to 140° (Salkowski, Ber,, 1874, 7, i008). 

® Willstatter and Schudel, Ber,, 1918, 51, 782. 

^ Cain, Trans. ^ 1906, 87, 19. 

Witt, Noelting, and Grandmougin, Bet\, 1890, 23, 3635. 

^ Meldola, Woolcott, and Wray 1896, 69, 1327) obtained 

resins only by boiling the diazo-salts of ^-broino- andjo-nitro-o-anisidine 
with water or dilute sulphuric acid. 

Ber., 1874, 7, 1061. 

® Cain, Trans., 1906, 89, 19. 

« Ber., 1884,17, 2704. 



40 


THE DIAZO-COMPOUNDS 


by heating the diazo-compound of dibromo-o-phenetidine ^ is 
probably explained in the same way. 

A case which does not seem to accord with this explanation 
is that of ethyl diazogallate, which can be crystallised from 
water, and when heated with water in a sealed tube for four 
hours to 220° yields ethyl gallate, the nitrogen having been 
completely eliminated.^ 

By treating aminoindazole with nitrous acid and warming 
the resulting diazo-compound with water, Bamberger ^ pre¬ 
pared a new class of diazo-compounds, to which the name 
‘ triazolens ’ is given. He formulated the compound according 
to the equation 


.0 




-NH, 




c<Nn 

c,,h/ i\n/ 

KT/ 


Amiri oiaclazole. Indazoletriazolen. 


but Hantzsch * regarded it as a diazide- 

C<"|l 

I \N 

\N:N 


In the diphenyl series certain exceptions to the general rule 
have been observed. On heating the tetrazo-salts prepared 
from dianisidine (1) and 3:3'-dichlorobenzidine (II) with 
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] Mshlau and Oehmichen, J. pr. Chem., 1881, [ii], 24, 476. 
- Power and Sheddon, Tians., 1902, 81, 77. 

= Ber., 1899, 82,1773. 

* Ber., 1902, 35, 89. 
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dilute sulphuric acidj no phenol whatever was obtained,^ the 
products being apparently of a quinonoid character. By 
using tleinichen’s method a small amount of the diliydroxy- 
cornpouiid was obtained only in tlie latter case. An attempt 
to replace both the diazo-groaps in cthoxytetrazodiphenyl 
sulphate (III) led to an interesting result.^ It was found 
that the diazo-groups varied greatly in stability, and an 
intermediate product was isolated having the formula (IV). 

§ 2. Stal)ility of diazo-solutions. —Very great differences 
occur between the various diazo-salts with regard to their 
power of resisting decomposition by water. Many decompose 
rapidly, at the ordinary temperature, whilst others remain 
apparently unchanged after prolonged boiling. 

Several cases of great stability are described by Griess; 
most of them occur among the halogen or nitro-substituted 
diazo-salts. Experiments of a somewhat qualitative character 
were performed by Oddo,’^ who diazotised a number of amines 
at various temperatures, and determined the quantity of the 
diazo-compound formed. He found that at 100-105° much 
diazo-compouiid is produced from on- and jt^-nitroaniline, 
^>cliloroaniline, 1:3:4-dinitroaniline, and 1:2:5- and 1:3:6- 
nitrotoluidine, whilst little is obtained with 7rt-chloro- and 
bromo-aniline, o-nitroaniline, p-aminobenzoic acid, and 1:5:2- 
nitrotoluidine. At 89-85° much diazo-compound is obtained 
with the substances named above as giving little at 100-105°, 
whilst' small yields are furnished by aniline, ^j-toluidine, and 
a- and /3-naphthylamine; at 60-65° the four bases last named 
give good yields of diazo-compounds, whilst o-toluidine and 
^>xylidine give very poor ones. At 40-45° ^>x)lidine in 
turn gives a good yield of diazo-compound. 

A considerably more exact method of determining the 
stability consists in titrating from time to time a portion 
of a diazo-solution with a fixed amount of sodium /3-naph- 
tholsulphonate- (Schaffer's salt) solution.''^ The increasing 
amount of diazo-solution required to combine with the whole 

^ Cain, Trans.^ 1903, 83, 638. ^ Cain, Trans., 1905*, 87, 5, 

^ Gazzetta, 1895, 25, id327 ; 1896, 23, ii. 541. 

^ Hirscli, Ber., 1891, 24, 324. 
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of the naphthol solution is a measure of the advance of the 
decomposition. 

The main results obtained in this way are given in llie 
table on p. 44. 

This titration method has been used by some later investi- 
ga^.ors,^ but it is not suitable for exact measurements, owing 
to the possibility of secondary reactions taking place between 
the diazo-compound and the alkali or sodium acetate, wliich 
must be added to the naphtholsulphonic acid in order to effect 
comj)lete combination. (For an account of this secondary 
reaction see p. 112.) 

Hausser and Muller ^ introduced an entirely different 
method from the foregoing. They heated solutions of various 
diazo-compounds at fixed temperatures and measured the 
volume of nitrogen evolved. 

The decomposition belongs to the class of unimolecular 
processes, and is represented by the well-known expression— 


k = 



A 

A-x ■ 


By comparing the values of the constant obtained the relative 
stability of the diazo-compounds may be determined. 

A constant value was obtained only in the case of the 
diazo-salts from sulphanilic acid and |)-toluidinesulphonic 
acid. In the case of the o!her amines examined the values 
for k were not constant, and from these results somewliat 
erroneous conclusions were drawn. Ilantzsch,^ using the 
same method, measured the rate of decomposition of the 
diazo-chlorides prepared from aniline, p-bromoaniline, ^;-tolu- 
idine, y)-anisidine, and •^//--cuinidine, and showed that at 25° all 
these substances gave a constant value for 



A 

A~-x ■ 


^ Leipziger Monatsschrift filr Textil-Indiif\tne.^ 1S98, 608; 

Schwalbe, Zeifsch, Farh.-Ind., 1905, 4, 433. 

2 BicU. Soc. cliini., 1892, [iii], 7, 721; 1893, 9,353. Compt.rend., 1892, 
114, 549, 669, 760, 1438. 

^ Ber., 1900, 33, 2517. See also Hantzsch and Thompson, 1908, 
41, 3519 ; Cain, iUd.^ 4186 ; Schwalbe, ibid.^ 1909, 42, 196. 
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It must be noted that the experiments of Hausser and 
Muller and of Hantzsch were carried out with solutions pre¬ 
pared by dissolving the dry diazo-salt in water. More recent 
investigations have shown ^ that solutions of diazo-salts 
prepared directly from the following amines—aniline, the 
toluidines, sulphanilic acid, the nitroanilines, 2 >^i^i^^oacet- 
anilide, 3; 3'-dichlorobenzidine, a- and /5-naphthylamine, and 
a number of sulphonic acids derived from the two last, decom¬ 
pose in accordance with the above formula. This holds good 
at temperatures ranging from 20° to 100°. The diazo-salt 
prepared from '?7i-toluidine is the most unstable of those 
examined, the value of k at 20° being 0*00208. o-Toluidine 
comes next with a value of k of 0*00187 ; aniline gives a 
value for k of 0*00072. 

The diazo-salts of the nitroanilines are extremely stable, 
the ortho-compound being the most and the jDara- the least 
stable. The value of k for o-nitrodiazobenzene chloride is 
0*00555 at 100°. Exceptions to the rule are shown by ceidain 
tetrazo-salts and those diazo-salts which are insoluble in 
water. 

The rate of decomposition of diazo-salts increases rapidly 
with tlie temperature,^ the values of k obtained being in 
accordance Avith Arrhenius’s formula for the temperature 
coefficient, namely 

kfc, = kt„eA(T,-T<,):T,T„. 

The rate of decomposition (in the case of diazobenzene 
salts) is independent of the quantity of mineral acid present 
(except sulphuric acid, which tends to withdraw water from 
the sphere of action) and is independent of the nature of the 
acid. Equivalent solutions of diazobenzene chloride, bromide, 
sulphate, nitrate, and oxalate decompose at the same ratc.^ 

The presence of colloidal platinum or silver increases the 

^ Cain and Nicoll, Trans., 1902, 81, 1412; 1903, 83, 206. ^ Compare 
Lamplougli, Proc. Camh, Phil, Soc., 1908,14, 580 ; Cain and Nicoll, Proc,, 
1908, 24, 282; Lamplougli, ibid., 1909, 25, 23, 166 ; Yeley and Cain, 
Trans. Faraday Son., 1909, 5, 1. 

2 Cain and Nicoll, Trans., 1903, 83, 470; Euler, Annalm, 1902, 325, 
292. Compare Yeley and Cain, Trans. Faraday Soc., 1909, 5, 1, who use 
Esson's formula for the temperature coefficient. 

^ Cain, Per., 1905, 38, 2511; Euler, loc. cH. 
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rate of the decomposition, owing to catalytic actiond Finally, 
it may be useful to append a table showing the relative 
stability of various diazo-salts as determined by various 
observers. The amine giving the most stable diazo-salt is at 
the top. 
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^ Euler, Ofverslgt of Kongl, Veteoishaps Ahad, ForhandL Sioclchohnj 
1902, No. 2,227. Compare also Schwalbe, Ber., 1905, 33, 2196, 3071; 
Gain, ibid., 2511. 
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THE REACTIONS OF THE DIAZO-COMPOUNDS 
{continued) 

§ 1. Action of alcohols. —The action of alcohol on diazo- 
compounds was, of course, studied by Griess, who obtained 
benzene from diazobenzene salts, and dinitrophenol from 
diazodinitrophenol. 

The production of the hydrocarbon or complete elimination 
of the diazo-group by the action of boiling alcohol was, for 
many years, regarded as a general reaction, in spite of the 
observation of Wroblewski,^ who found that the diazo-salt 
of chlorotoluidine gave, not the chloro-hydrocarbon, but 
the corresponding chlorophenetole. Four years later also 
Hayduck^ showed that when o-toluidinesulphonic acid was 
diazotised, and the resulting diazo-salt boiled with alcohol, 
phenetolesulphonic acid was obtained. 

A striking application of the reaction was made by E. and 
0. Fischer in 1878,^ who showed that when the diazo¬ 
compound of paraleucaniline was boiled with alcohol the three 
diazo-groups were eliminated, with the formation of triphenyl- 
methane; diazoleucaniline, in the same way, gave diphenyl- 
tolylmethane. 

When the bisdiazo-derivative of benzidine is warmed with 
ethyl alcohol to 40-45° only one diazo-group is eliminated, 
the second requiring a higher temperature for its removal— 
C1.N2.CoH4.C,H,.NoC1 CgH,.0gH4.N2C1 
^ CgH,.CgH,.^ 

Examples of the formation of ethers in this reaction 
were, however, rapidly multiplying, amongst which may be 
mentioned the cases of m-aminobenzenedisulphonic acid,^ 

' Ber., 1870, 3, 98. ^ 1874,172, 215. 

3 AnnaJen, 1878,194, 242. ^ Ber., 1898, 31, 479. 

® Zander, AnnaUii^ 1879,198, 1. 
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cumiclinesulphonic acid,^ aminotetrametliylbcnzenej cumidiiie/^ 
and o-toluidinedisnlphonic acid/' all of which yielded, when 
diazotised and then treated with alcohol, the corresponding 
ethyl ethers. 

The reaction may thus proceed in two ways, according to 
the following equations: — 

i. + C.H,. OH = EH + C,H^O + N, + HX, 

ii. RN^X + C^H,. OH = R.O.C 2 H 5 + + HX; 

where R denotes a hydrocarbon radicle and X an acid radicle. 
A systematic investigation into the whole question was next 
undertaken by Remsen*^ and his pupils, and it was very 
quickly demonstrated that the normal reaction is the forma¬ 
tion of ethers in accordance with the second of the foregoing 
equations.^ The course of the reaction is, however, somewhat 
complicated, and depends on many factors, such as the 
position and nature of the substituents, the pressure at which 
the operation is carried on, &e. 

§ 2. Influence of substituents.—The presence of the acid 
radicles, COgH, Cl, Br, NOg, &c., tends to induce the complete 
elimination of the diazo-group, and this influence is greatest 
when these radicles are in the ortho-position with respect to 
the diazo-group; their influence is less in the meta-position 
and least in the para-position. 

Thns of the chlorodiazobenzene nitrates, the oi'tho- and 
meta-compounds yield only chlorobenzene with ethyl alcohol, 
but the para-compound gives rise to the formation of a little 
j;-chlorophenetole.^ In the case of the diazobenzoic acids the 
ortho-compound gives benzoic acid only, whilst the meta- and 
para- yield the alkyloxy-derivatives.’^ 

Another interesting example is that of the nitrodiazo- 
benzene salts. When heated with methyl alcohol the ortho- 

^ Haller, Ben, 1884, 17, 1887. 

2 Hofmann, Ben, 1884,17,1917. 

^ Hasse, Annalen, 1885, 230, 286. 

I Ben, 1885, 18, 65. 

Remsen and Palmer, Amen Cliem. J., 1886, 8, 243. 

^ Cameron, Amen Chem. J., 1898, 20, 229. 

Remsen and Orndorff, Amen Chem, J., 1887, 9, 387. Compare also 
Griess, Ben, 1888, 21, 978. 
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compound gives 87 per cent, of the theory of nitrobenzene; 
from the meta-compound 51 per cent, is obtained, together 
with a little '?7i-nitroanisole, whilst the para-derivative gives 
about 40 per cent, of nitrobenzene and 8 to 17 per cent, of 
^;-nitroanisole. 

In the naphthalene series the 1 : 2 -, 2 :1-, and 1:4-nitrodiazo- 
naphthalene sulphates all yield nitronaphthalene with ethyl 
alcohol,^ whereas the ethoxy-derivative is obtained from both 
a- and ^-diazonaphthalene sulphates,^ 

§ 3. Influence of the alcohol used.— The tendency towards 
the formation of hydrocarbons is increased as tlie molecular 
weight of the alcohol increases. Diazobenzene chloride and 
sulphate with met! 13 d alcohol yield anisole as the sole product, 
no benzene being formed.'*^ With ethyl alcohol the chief pro¬ 
duct is phenetole, but a little benzene is also obtained. 0 - 
Diazotoluene sulphate with methyl alcohol yields o-tolyl 
methyl ether and only a trace of toluene.^ |;-Diazotoluene 
sulphate gives with methyl alcohol _p-tolyl methyl ether; ^ the 
ethyl ether is best prepared from the diazo-chloride.® 

The diazo-salts of ^a-chloro- and ' 3 }i-bromo-aniline also yield 
only tlie corresponding halogen derivatives of benzene when 
heated with ethyl alcohol, but when methyl alcohol is used 
the chief product in each case is the halogenated anisole, only 
small quantities of chloro- and bromo-benzene being produced. 
The diazo-sulphates of jp-chloro- and |;-bromo-aniline illustrate 
this point veiy cleaidy; with ethyl alcohol no ethers are 
obtained, whilst with methyl alcohol the ethers are the sole 
pi’oducts.'^ The higher alcohols behave in a similar manner 
to methyl and ethyl alcohols. With diazobenzene chloride 
n- and iso-propyl alcohol yield phenyl propyl ethers but no 
trace of propaldehyde or acetone; amyl alcohol gives both 
plienyl amyl ether and valeraldehyde or its condensation pro- 

^ Ornclorff and Cauffman, Amer. Chem. J!, 1892,14, 45. 

“ Orndorff and Kortriglit, Amer, Chem. J., 1891, 13, 153. 

^ Hantzsch and Jochein, Ber.j 1901, 34, 3337. 

^ Broinwell, Amer. Chem, J., 1897, 19, 561. 

■'* Alleman, Amer. Chem. J!, 1904, 31, 24. 

Roberts and Alleman, J. Amer, Chem, Soc.^ 1911, 33, 391, 
Cameron, loe. cit. 
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ducts; and benzyl alcohol gives ben^^aldehyde with only a 
little phenyl benzyl ether. Glycerol behaves like propyl 
alcohol, giving the monophenyl ether, whilst mannitol and 
benzoin are not attacked.^ 

Phenol acts similarly, thus, when a solution of diazobenzene 
sulphate is warmed with phenol, diphenyl ether is obtained.^ 
In alkaline solution, however, an azo-compound is produced 
(see p. 101). 

§ 4. Influence of temperature and pressure. —The influence 
of these factors in the decomposition is somewhat difficult to 
separate, as when the pressure is varied the boiling-point of 
the solvent changes. 

In the case of the diazo-compound prepared from _ 2 >tolu- 
idine-o-sulphonic acid,^ the decomposition proceeds slowly at 
the ordinary pressure. When this pressure is raised by 500 
mm. an almost quantitative yield of the ethoxy-compound is 
obtained, but below this pressure the yield is diminished, as 
shown by the following numbers:— 

Pressure in niiu. 800 7C0 GOO 500 400 300 210 120 

Kthoxy-compouna j gg.g gg.g ^2-8 48-7 43-4 40'C 37-2 

per cent. ) 

With methyl alcohol the methoxy-compound is obtained, 
and alteration of pressure lias no influence on Iho course of 
the reaction.'^ 

From a large number of cases, however, wliich have been 
examined, involving tlie use of both methyl and etliyl alcoliol, 
it is found that the yield of alkyloxy-dcrivativo increases 
with the pressure.^ 

§ 5- Influence of other substances. —If the decomposition 
is carried out with the addition of sodium otlioxide, sodium 
hydroxide, potassium carbonate, or zinc dust, a remarkable 

^ Haiitzsch and Yock, Ber.j 1903, 36, 2061. Compare also Orndorff 
and Hopkins, Amer. Chem. J., 1893, 16, 518. 

2 Hofmeister, Annolen, 1871, 169, 191. 

2 Remsen and Palmer, Arner. Chenu J., 1886, 8, 243; Roinscn and 
Dashiell, ihkl, 1893,15, 105. 

^ Parks, Amer, Chem. J., 1893,15, 320. 

5 Shober, Amer. Chem. J., 1893,15, 379; Metcalf, ibid, 301 ; Beeson, 
ibid., 1894,16, 235; Sliober and Kiefer, ibid.f 1895, 17, 454; Chamber¬ 
lain, ibid., 1897, 19, 531. 
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effect is produced. Tlie alkyloxy-fonnation is almost entirely 
inhibited, and the reaction proceeds mainly with the elimina¬ 
tion of the diazo-group. Thus in the case of |:)-dia 2 otoluene 
nitrate and sulphate the ordinary treatment with methyl 
alcohol results in the production of a good yield of the 
inethoxy-derivative. When, however, sodium methoxide or 
any of the above substances are present no alkyloxy-compound 
is obtained, but the product consists mainly of toluene.^ 

The rule holds good also for tetrazo-eompounds of the 
diphenyl series; thus the tetrazo-chloride of o-ditolyl gives, 
Avith methyl alcohol, dimethoxy-o-ditolyl, and with ethyl 
alcohol a mixture of diethoxy-?n-ditolyl and m-ditolyl; but 
ill the presence of sodium methoxide, hydroxide, or zinc dust 
no alkylated compound is formed.^ 

§ e. other methods of reduction. —The reduction of diazo¬ 
salts to the corresponding hydrocarbon may, of course, be 
effected by reducing agents instead of alcohol: thus Baeyer 
and Pfitzinger ^ introduced the method of reducing the diazo¬ 
salt to the hydrazine with stannous chloride, and removing 
the group NH.NH^, by oxidation with boiling cupric sulpliate 
solution, and by treating diazobenzene formate with stannous 
formate solution, benzene, together witli a little diphenyl, &c., 
is produced,'^ 

CA • NgCl + SnCl^ + PI^O 0,H, + + SnOCl^ + HCl. 

The reduction is also effected by adding sodium stannite to 
a solution of a diazo-compound in sodium hydroxide,^ 

C,PI,. NgCl + NaOH + Na^SnO^ 

= OcHq + N 2 + Na^SnOs + NaCl, 
by the use of liypophospliorous acid,^ an alkaline solution of 
sodium hyposulphite,'^ and also when diazides of sulphonic 
acids are boiled with copper powder and formic acid.^ 

^ Beeson, Zoc. ciL\ Chamberlain, loc, cit.) Griffin, Ame 7 \ Chem, J., 
1897,19, 163; Moale, ibid., 1898, 20, 298. 

2 Winston, ibid,, 1904, 31, 119. » Beo\, 1885, 18, 90, 786. 

^ Gasiorowski and Waijss, Ber., 1885, 18, 337; Culmann and Gasio- 
rowsld, J,p7\ Chem., 1889, [ii], 40, 97. 

^ Friedlander, Ber., 1889, 22, 587. Comioai'e also Eibner, Ber., 1908, 
36, 818. 

Mai, Ber,, 1902, 35, 162. Grand m on gin, J5er., 1907, 40, 858. 

« Ber., 1890, 23, 1632. 

E 
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THE REACTIONS OF THE DIAZO-^COMPOUNDS 
(contimied) 

Replacement of the diazo-group by the halogens. 

1. Chlorine.— Although chloro-derivatives are obtained 
when a diazo-salt is heated with concentrated liydrochloric 
acid ^ the yield is usually very poor,^ and Griess observed that 
the replacement was more successful when the platinichloride 
of the diazo-compound was heated with sodium hydroxide, 
thus— 

= 2C,H,C1 + Pt + 201^ + Ng. 

A much more convenient method, however, was introduced 
by Sandmeyer in 1884^ 

In investigating the action of cuprous acetylide on diazo¬ 
benzene chloride, he noticed that chlorobenzene was produced, 
and showed that this was due to the cuprous chloride formed 
during the reaction. 

The replacement is carried out by adding the diazo-solution 
to a boiling 10 per cent, solution of cuprous chloride in 
hydrochloric acid. Nitrogen is evolved and the mass distilled 
with steam, when chlorobenzene passes over. 

The cuprous chloride may be prepared by heating to boiling 
a mixture of copper sulphate (250 parts), sodium chloride 
(120 parts), and water (500 parts). Concentrated hydrochloric 
acid (1,000 parts) and copper turnings (130 parts) are now added, 
and the temperature is maintained until the mixture loses its 
colour. The solution is decanted from any undissolved copper 
and the weight made up to 2,036 parts by the addition of 

^ Griess, Ber.^ 1885,18, 960. 

^ When, however, a-diazoanthraquinone is treated with hydrochloric 
acid, the chloro-derivative is readily obtained, and the presence of 
cuprous salts is not essential (D. R-P. 131538). 

« Ber., 17, 1633, 2650; 1885, 18, 1492, 1496; 1890, 23, 1880; see also 
Ber., 1886, 19, 810; 1890, 23, 1628; Annalen, 1893, 272,141. 
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coiicentmted liydrocliloric acid. A 10 per cent, solution of 
cuprous chloride is obtained, which is preserved in an atmo¬ 
sphere of carbon dioxide.^ 

An example of the use of this method on the large scale is 
the following: Fifty kilos of l-amino-8-naphthol-3 : 6-disul*- 
phonic acid (H acid) are dissolved in water with the addition 
of sodium carbonate, the solution is cooled with ice, and 
hydrochloric acid added in sufficient quantity to keep the 
whole acid throughout the subsequent operation of diazotising 
with the calculated amount of sodium nitrite dissolved in 
a little water. The yellow diazo-compound is filtered oil', 
mixed with 10 per cent, hydrochloric acid, cooled to 10°, and 
a solution of 5 kilos of cuprous chloride added. The mixture 
is heated and kept at 100° until the yellow colour has 
disappeared and all is in solution. The copper is precipitated 
with hydrogen sulpliide, the copper sulphide filtered off, and 
the boiling filtrate saturated with salt. On cooling, the 
acid sodium salt of l-ch]oio-8-naphthol-3: G-disulphonic acid 
separates and is filtered off* and dried.^ 

Gattermann then demonstrated ^ that the addition of very 
finely-divided copper to a solution of the diazo-chloride in 
hydrochloric acid effected the replacement at the ordinary tem¬ 
perature. Gattermann used copper precipitated from copper 
sulphate solution with zinc, but Ullmann has shown that the 
'copper bronze^ of commerce may be used equally effec¬ 
tively.^ 

A modification of this method consists in using copper 
sulphate solution to which is added hydrochloric acid and 
sodium hypophosphite.^ 

The 'Sanclmeyer' reaction, as it is usually called, is con- 
sidei'ed to be accompanied by the intermediate formation of 
a compound of the diazo-chloride with the cuprous chloride, 
and it is important in carrying out this operation that the 
possibility of the formation of phenols and azo-compounds 
should be avoided as far as possible. The production of 

^ Feitler, Zeitsclu physikal. Chem., 1889, 4, 68. 

2 E. P. 1920 of 1894: D. R-P. 79055 ; P. P. 235271; U. S. P. 535037. 

3 Ber., 1890, 23, 1218; 1892, 26, 1091. 

* Ben, 1896, 29, 1878. 

Aiigeli, Be)\, 1891, 24, 952. 

E 3 
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a phenol is due to the decomposition of the diazo-compound 
before it has been converted into the cuprous chloride com¬ 
pound, or if it is added too slowly to the lattci*. 

According to Erdmann/ the normal decomposition of the 
diazo-cuprous chloiide compound takes place rapidly and 
smoothly only above a certain temperature, whicli is different 
for each compound; these temperatures ai^e about 27°, and 
30-40° in the case of the cuprous chloride derivatives of 
diazobenzene, o-diazotoluene, and _2>diazotoluene respectively. 
Below these points, the evolution of nitrogen takes place too 
slowly and is incomplete, part of the diazo-cuprous chloride 
compound being reduced to an azo-compound by the liberated 
cuprous chloride. It has been found that the quantity of cuprous 
chloride required may be reduced to 1/21 and 1/28 molecule 
per molecule of amine without materially reducing the yield of 
chlorobenzene (66-2 to 63*5 per cent.) and m-chloronitrobenzene 
(78-5 to 73-2 per cent.) respectively.^ This is considered to 
be due to the diazobenzene chloride becoming first reduced to 
phenylhydrazine by the cuprous chloi-ide, which then becomes 
cupric chloride; the phenylhydrazine is then oxidised in 
presence of hydrochloric acid to chlorobenzene by the cupidc 
chloride, and the cuprous chloride would then be re-formed to 
play the same part again. In confirmation of this explanation, 
it is found that phenylhydrazine is oxidised under the 
conditions named to chlorobenzene by both cupric and ferric 
chlorides, but no phenylhydrazine can be detected in the 
Sandmeyer reaction, owing possibly to its momentary existence. 
It is also worthy of note that a copper salt is not necessary in 
the preparation of iodobenzene by this method, and this may 
be due to the fact that hydriodic acid is itself a reducing 
agent.^ 

Still another variation of Sandmeyer’s method consists in 
electrolysing a solution of a diazo-compound to which cupidc 
chloride has been added. A thick copper wire is used as 
the anode, and a cylinder of sheet copper as the cathode; 
with a current density of 2-1 amperes per sq. dcm, and an 

* Annalen^ 1893, 272, 141. 

2 Votogek, Listy diemiU, 1896, 20, 1 ; aiem, Zeit Bei),, 1896, 20, 70. 

Walter, J. iw, Chem., 1896, [ii], 63, 427. 
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E. M. F. of 10 volts, nitrogen was evolved, and a yield of 64 
per cent, of the theory of chlorobenzene was obtained^ 

In certain cases the reaction takes a different course from 
that already’ described; thus Gattermann ^ found that two 
benzene nuclei could condense to form diphenyl derivatives, 
and the reaction has been extended by Ullmann, who has 
prepared a large number of diphenyl compounds by acting on 
nitrodiazo-compounds with cuprous chloride.^ 

2. Bromine. —The diazo-group is replaced by bromine in the 
same manner as by chlorine.'^ In Griess s method a perbromide 
is obtained by adding hydrobromic acid and bromine water to 
the diazo-compound,^ and this on being boiled witli alcohol 
yields the bromo-derivative thus— 

. NO 3 + HBr + Br, := 0,11,. N.Br.Br, + HNO 3 
C.Hs. ]Nh3r.Br2 + O 0 H 5 . OH 

= CJi.Br + N, -h 2 HBr + CH.,. CHO. 

In addition to bromobenzene, jj-brornophenetole is formed 
(cp. p. 45); when ether or glacial acetic acid is used instead 
of alcohol, bromobenzene alone is produced.^ The platini- 
bromide of the diazo-bromide may also be treated in the same 
way as the platinichloride. 

In Sandmeyer’s reaction cuprous bromide is substituted for 
cuprous chloride. 

In order to prepare ^S-bromonaphthalene, Oddo”^ modilied 
Gattermann’s process as follows: 14‘3 grams of /5-naphthyF 
amine are diazotised and added to a mixture of 36 grams 
of potassium bromide with 100 grams of water and 30 
grams of moist copper powder previously heated to 50-70°. 
The whole is heated in a reflux apparatus for 15 minutes, and 

^ Yotocek and Zeniaek, Zeitsch. Elektrocliem.f 1899, 5, 485. 

2 Ber., 1890, 23, 1226, 

3 Be>\ 1901, 34, 3802; D. R-P. 126961. See also p. 73. 

PhU. Trans., 1864,154, 673; Annalen, 1866, 137, 49. 

® If a cliazophenol is used, a bromodiazoplienol is formed ; compare 
J. py\ Chem., 1881, [ii], 24,449; Animlen, 1886, 234,1; and it is remark¬ 
able that diazoBulphanilic acid is indifferent to bromine (Armstrong, 
Froc., 1899, 15, 176). 

^ Saunders, Amer. Ohem. J., 1891,13, 486. 

Gazzettaj 1890, 29, 631. 
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then distilled in steani. A yield of 46“48 per cent, of the 
theory is obtained. 

3. Iodine,—loclo-derivatives are easily prepared from the 
diazo-compotinds by treating tlie latter with hydriodic acid. 
A solution of a little more than the theoretical quantity of 
sodium or potassium iodide is added to the solution of the 
diazo-chloride or sulphate. After standing and warming 
until the evolution of nitrogen has ceased, the liquid is 
usually made alkaline and the iodo-compound, if it is volatile, 
distilled with steam. In other cases it may be filtered off*. 

4. Pluorine.—The diazo-group may be replaced by fluorine 
by treating the diazo-salt with a solution of hydrogen fluoride 
in water.^ 

Tlie substitution has also been effected from diazoamino- 
compounds. Thus, if diazoaminobenzene is adding to fuming 
h^^drofluoric acid, fluorobenzene is produced,^ and on mixing 
diazobenzene piperidide (from diazobenzene nitrate and piper¬ 
idine^) with concentrated hydrofluoric acid, fluorobenzene is 
formed, thus— 

OcH,. Ns. NO.Hio 4- 2HF = C^H^F + + NHO,H,o, HF. 

The Sandmeyer reaction is considered by liantzsch and 
Blagden^ to be a somewhat complicated one, the final result 
being due to the simultaneous effect of three concurrent 
actions, namely, (1) the formation of a labile (diazonium, 
see p. 156) cuprous double salt, which then decomposes in 
such a way that the radicle originally attached to the copper 
migrates to the aromatic nucleus; (2) a catalytic action, which 
is the main action when copper powder is used, whereby 
nitrogen is eliminated from the diazo-salt, and the acid 
i*adicle becomes united with the aromatic nucleus; (3) the 
formation of azo-compounds, the cuprous being oxidised to 
a cupric salt. 

The first two reactions proceed when p-bromodiazobenzene 

' Lev., 1879,12, 581; 1889, 22, 1846 ; D. R-P. 186005. 

2 Scbinitt and Geliren, J". pr. Ghem.^ 1870, [ii], 1, 395. 

^ Baeyer and Jaeger, Rer,, 1875, 8, 893. 

Ber,, 1900, 33, 2544. 
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bromide is subjected to the action of cuprous chloride dis¬ 
solved in methyl sulphide. The product consists chiefly of 
j:»-chlorobromobenzene mixed with a little p>dibromobenzene. 

i. 2CeH,Br.N,Br + Cu,C], = Cu^Br^ + SN^ H- 20cH4ClBr. 

ii, CcH,Br.N2Br = N2 + CoH^Br2. 

When cuprous bromide is allowed to react with p-bromo- 
diazobenzene chloride, j:)-dibromobenzene and a little ^J-chloro- 
bromobenzene are produced. In both examples the first 
reaction is the chief one, and, under certain conditions, is the 
only one. Thus cuprous iodide furnishes iodo-derivatives 
only, with various diazo- chlorides and bromides, and cuprous 
chloride and diazobenzene iodide yield chlorobenzene, no iodo- 
benzene being produced. 

The third reaction, namely, the formation of azo-compounds, 
occurs when cuprous chloride, dissolved in hydrochloric acid, 
is added to the cold solution of the diazo-salt. Under these 
conditions, aniline, o-chloroaniline, and the o- and j^)-toluidincs 
yield considerable quantities oE azo-compound, but the nitro- 
amines give diphenyl derivatives (see p. 73). 



CHAPTER VII 


THE REACTIONS OF THE DIAZO-OOMPOUNDS 
(continued) 

§ 1. Eeplacement of the diazo-group by cyanogen. —This 
is one of the most important of the cliazo-decompositions, as it 
serves to introduce an additional carbon atom into the mole¬ 
cule ; moreover, the nitriles formed in this way mostly yield 
the corresponding carboxylic acidsd 

The preparation of ^3-toluonitrile is carried out as follows: 
50 grams of copper sulphate are dissolved in 200 c.c. of water 
by heating on the water-bath, and a solution of 55 grams of 
potassium cyanide in 100 c.c. of water is added gradually with 
continuous heating. Care must be taken to perform the 
operation under a hood as cyanogen is evolved. To this hot 
solution is now added during about ten minutes a diazo-solution 
prepared from 20 grams of ^-^-toluidine, 50 grams of concen¬ 
trated hydrochloric acid, and 16 grams of sodium nitiute. The 
whole is now heated on the water-bath for a quarter of an 
hour and the toluonitrile distilled over with the steam. Here 
again care must be taken to get rid of the vapours as hydrogen 
cyanide is evolved. The nitrile distils as a yellow oil, which 
is purified by distillation.^ 

By treating a solution of diazobenzene chloride with potas¬ 
sium cyanide in the cold, a double compound of the diazo- 
cyanide and hydrogen cyanide, CqHq . . ON, HCN, is formed.^ 

The replacement is also effected by adding copper powder to 
a mixture of the diazo-salt and potassium cyanide, exactly as 
in the case of the preparation of the chloride.^' 

^ Sonietimes, however, these are formed with diflSicnlty, owing probably 
to steric hindrance. Hofmann, Ber.y 1884,17, 1914; Khster and Stall- 
berg, Annale^iy 1894, 278, 207 ; Cain, Ber., 1895, 28, 967. 

“ Gattermann, Bractical Methods of Organic Chemistru, 

3 Gabriel, Ber.y 1879, 12, 1637. 

^ Gattermann, Hausknecht, Cantzler, and Ehrhardt, Ber., 1890, 23, 
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§ 2. Replacement of the dia 250 -gronp hy the cyano-group.— 

This is effected by adding potassium cyanate to a diazo¬ 
sulphate and treating the mixture with copper powder, when 
the corresponding carbimide is obtained, thus— 

CJI ,. N,. HSO, + KCNO = CcH,. N : CO -h + KHSO,. 

The potassium cyanate is prepared in the following manner: 
100 grams of finely-powdex^ed and sieved potassium ferro- 
cyanide are mixed with 75 grams of powdered potassium 
dichromate, each ingredient being first thoroughly dried. 
This mixture is added, in portions of 3-5 grams at a time, to 
an iron dish heated over a three-flame burner. The mass 
becomes black and is well stirred, but should not be heated 
to the melting-point. On cooling it is exti-acted with five times 
its volume of 80 per cent, alcohol, and the cold solution stirred, 
when a crystalline powder of potassium cyanate separates, 
which is filtered and washed with small quantities of ether. 

For the decomposition, 10 grams of aniline are dissolved in 
100 grams of water and 20 grams of concentrated sulphuric 
acid, the solution is cooled with ice, and diazotised with 7-5 
grams of sodium nitrite. To the diazo-solution is added a 
concentrated aqueous solution of 9 grams of potassium cyanate 
and then 5 grams of copper powder, when evolution of nitrogen 
begins. A second 5 grams of copper powder is added and an 
oily layer of phenylcarbimide separates on the top of the 
liquid. This is skimmed off with a glass spoon, extracted 
with chloroform, and the chloi-oform solution filtered by the 
aid of the pump. More copper powder is added to the original 
solution until no more nitrogen is evolved and any further 
quantity of phenylcarbimide collected in the same way. The 
chloroform solutions are now separated from water, dried and 
freed from chloroform by evaporation. The residual oil, on 
distillation, yields pure phenylcarbimide.^ 

§ 3. Replacement of the diazo-group by the thiocyano- 
group. —This reaction is carried out by the aid of copper 
thiocyanate. For example : 31 grams of aniline are dissolved 
in 100 grams of concentrated sulphuric acid and 200 grams of 
water, and diazotised with 23 grams of sodium nitrite. To 
1 Ber., 1890, 23, 1220 ; 1892, 25, 1086. 
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this solution is added a concentrated solution of 35 grains of 
potassium thiocyanate, and a j)aste of copper thiocyanate, 
obtained by dissolving 80 grams of copper sulphate and 
150 grams of ferrous sulphate in water, precipitating with 
35 grams of potassium thiocyanate and filtering. Nitrogen is 
evolved when this paste is added to the diazo-solution, and the 
reaction is complete after the whole has stood for three hours; 
the j)henylthiocarbiinide is then distilled with steam and 
rectified.^ 

§ 4. Replacement of the diazo-group hy the selenocyano- 
group. —The following is an example of this reaction: 1-Amino- 
antliraquinone (2-2 parts) is diazotised in concentrated 
sulphuric acid solution with nitrosyl sulphate, ice added, 
and the precipitated diazo-sulphate collected, dissolved in 
water, and treated with an aqueous solution of potassium 
selenocyanate (1*5 parts); the precipitated red diazoanthra- 
quinone selenocyanate when warmed (preferably in the 
presence of copper or cuprous salts) is converted into 1-seleno- 
cyanoanthraquinone.^ 

§ 5. Replacement of the diazo-group hy the thiol group.— 

When a diazo-sulphonate is warmed with an alcoholic solution 
of potassium sulphide nitrogen is evolved, and a thiophenol- 
sulphonic acid is formed.^ Thus if the diazo-derivative of 
sulphanilic acid is used potassium ^:)-.thiophenolsulphonic acid 
results— 

OA< 1 +k,s = 0,h/ 

\S03 \SO3K 

These tliiophenols or mercaptans are also obtained by 
hydrolysing the xanthates produced by treating a diazo-salt 
with potassium xanthate.^ 

By hydrolysing the xanthate from diazotised sulphanilic 
acid, in addition to the mercaptan, there is formed the 
ethylthiol derivative— 

^ Be}\^ 1890, 23, 738; compare ihid.^ 770. 

2 E. P. 23164 of 1912; D.M. 256667 ; F. P. 453208 ; U. S.P. 1065441. 

^ Klason, 1887, 20, 349. 

^ Leuckart, J. Chem,^ 1890, [ii], 41, 179. 
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SO.K.O.H^. S.CS.OEt ^ SOgKC.H, . SH 
and S03K.C,H, . SEtd 

§ 6. Ereplaceiiieiit of the diazo-group by sulphur.— When 
bydrogeii sulphide or ammonium sulphide acts on a solution 
of diazobenzene chloride or sulphate, the diazo-group is re¬ 
placed by sulphur, and phenyl sulphide (CcHgl^S is produced;^ 
and if a solution of o-diazobenzoic acid sulphate is added to 
a cold saturated solution of sulphur dioxide in which copper 
powder is suspended, nitrogen is evolved, much copper passes 
into solution, part of the sulphur dioxide being oxidised to 
sulphuric acid, and the chief product is dithiosalicylic acid, 
(CyH^ . COoH)^S, which is obtained in a yield of about 50 per 
cent, of the theoretical.^ 

Another way in which sulphides are formed is by treating 
diazobenzene chloride with a colourless solution of copper 
sulphate (1 mol.) in sodium thiosulphate (6 mols.), that is, 
cuprous sodium thiosulphate. Phenyl sulpliide is formed 
along with benzeneazodiphenyl. 

Sulphanilic acid and o- and _/3-toluidme jield also the corre¬ 
sponding sulphides, but no diphenyl derivatives are produced. 
When a-naphthylamine is similarly treated there is no forma¬ 
tion of sulphide, but a-azonapbthalene is obtained.'^ 

§ 7. Replacement of the diazo-group by the sulphonio acid 
group.— Both the thiophenols and the disulphides yield the 
corresponding sulphonic acids on treatment with alkaline 
permanganate solution.^ 


§ 8. Replacement of the diazo-group by the nitro-group.— 

This is brought about by treating a diazo-salt with nitrous 
acid and cuprous oxide. The amine is dissolved in two mole¬ 
cules of dilute nitric acid (hydrochloric acid is to be avoided), 
and, after being diazotised, a second molecule of sodium nitrite 
is added. The solution is then poured on finely-divided 
cuprous oxide and the reaction usually proceeds in the cold. 


1 Walter, Proc., 1895,11, 141. 

2 Graebe and Mann, Per,, 1882, 15, 1683. 

^ Henderson, Amer. Chem. J., 1899,21,206. 
^ Bornstein, Ber.y 1901, 34, 3968. 

^ E. P. 11865 of 1892 ; D. R-P. 70286. 


Compare D. R-P. 205450. 
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For example, the cuprous oxide is prepared by dissolving 
together 50 grams of copper sulphate and 15 grams of grape 
sugar in 100 grams of water. The solution is boiled and 20 
grams of sodium hydroxide, dissolved in 60 grams of water, 
are added all at once. The mixture is neutralised with acetic 
acid. 

On the other hand, 9 grams of aniline are dissolved in 50 
grams of water and 20 grams of concentrated nitric acid 
(sp, gr. 1.4); 15 grams of sodium nitrite, dissolved in 50 grams 
of ^vater, are added and then the diazo-solution is poured on 
the cuprous oxide gradually. When the reaction is finished 
the nitrobenzene is extracted by distillation with steam.^ 

The replacement also proceeds to a small extent in the 
absence of cuprous oxide; thus when 2:4: 6~tribromodiazo- 
benzene sulphate is treated with 20 molecular proportions 
of potassium nitrite, the corresponding 2:4:6-tribromo- 
nitrobenzene is formed,- together with the quinonediazide — 


g 

N 

Br 


Npr 


Nitrobenzene is also formed when diazobenzene perbromidc 
is shaken with aqueous sodium hydroxide in the cold.^ 

The diazo-group of diazobenzene nitrate may also be re¬ 
placed by the nitro-group by making use of the crystalline 
double salt of formula tIg(N02)2) 20 qH5 . N 2. NO.j, which is 
obtained by mixing solutions of diazobenzene nitrate and 
potassium mercuric nitrate. When this salt is boiled with 
water, it yields phenol and nitrophenol, but when treated 
with copper powder, a quantitative yield of nitrobenzene is 
produced^ 

Another method consists in mixing diazo-sulphates with 
a freshly prepared suspension of cupro-cupric sulphite and 
treating the mixture with excess of an alkali nitrite. By 
this means 2:4:6-tribromodiazobenzene sulphate gives a 


1 1887, 20, 1495. 

^ Orfcon, Trans,^ 1903, 83, 806. 

^ Bamberger, Bei\^ 1894, 27, 1273. 

Hantzscli and Blagden, Ber., 1900, 33, 2544. 
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65 per cent, yield of 2:4:6-tribromonitrobenzenej and 
/i-diazonaplithalene sulphate furnishes a 25 per cent, yield 
of /3-nitx'onaphthalened 

§ 9. Replacement of the diazo-group by the nitroso-group. 

—-This is effected by treating a diazobenzene chloride solution 
with an alkaline solution of potassium ferx’ocyanide.^ 

§ 10. Replacement of the diazo-group by the amino-group, 

—This replacement is effected by adding hydroxylainine to 
a solution of a diazo-sait; thus, aniline may be obtained 
from diazobenzene chloride, and ^^-toluidine from its diazo-salt. 
An interesting examjxle occurs in the anthracene series. When 
the anhydride of l-diazoanthrac|uinone-2-sulphonic acid 

CuH.oO/ I 

is suspended in water and treated with ammonia or ammonium 
carbonate, nitrogen is evolved, and the original aminosulphonic 
acid is obtained. Further, when this diazo-compound is treated 
witli hydroxylainine, a diazohydroxyamide 

OH . NH . Ng. . SO^Na 

is formed, which is transformed by concentrated vSulphuric acid 
into l-amino-4-liydroxyanthraquinone“2-sulphonic acid. 

A similar reaction takes place when liydrazine is substituted 
for hydroxylamine; in tliis way, both the amino- and hydroxy- 
groups are introduced into the molecule when the diazo-group 
is eliminated.^ 

§ 11. Replacement of the diazo-group by the acetoxy- 
group, —Meldola and East ^ found that when certain azo¬ 
derivatives of /3-naphtbylamine, containing an amino-group, 
are diazotised in warm glacial acetic acid, the diazo-group is 
replaced by the acetoxy-group, and Orndorff® has shown that 
this reaction mB,y be applied generally for the j)reparation of 
.aromatic acetates. 

^ Hantzsch and Bkgden, he. cH. 

“ Bamberger and Sborcli, 1893, 26, 471. 

3 Mai, Bey., 1892,25, 372. 

^ Wacker, Ber., 1902, 35, 2593, 3920. Trans., 1888, 53, 460. 

« Amer. Clmn. J., 1888, 10, 368. 
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The acetoxy-group may he readily converted into the 
hydroxy-group by hydrolysis, so that this method is useful 
in effecting the replacement of the diazo- by the hydroxy- 
group in such cases where the normal decomposition witli 
water does not take place. 

§ 12. Replacement of the diazo-gronp Tby the carhoxy- 
methylthiol group. —An example of this reaction is the follow¬ 
ing : The diazo-compound obtained from 13*7 kilos of 
anthranilic acid is combined with 10 kilos of thiolaeetic 
(thioglycollic) acid in slightly alkaline solution. As soon as 
the diazotised anthranilic acid has disappeared the product is 
precipitated by acidifying the solution, filtered, and redisso]vo<I 
in dilute sodium carbonate solution. The slightly alkaline 
solution is now heated gradually until it boils. As soon as 
the evolution of nitrogen has ceased, the solution is cooled and 
acidified with hydrochloric acid, when o-carboxyphenylthiol- 
acetic (phenylthioglycol-o-carboxylic) acid is precipitated.’* 


^ K. P. 22736 of 1905; D. R-P. 192075; F. P. 359398 : U. S. P. 850827. 



CHAPTER VIII 


ACTION OF VARIOUS REAGENTS ON DIAZO- 
COMPOUNDS 

§ 1, Sulphur dioxide. — When diazobenzene cliloinde is 
treated with sulphur dioxide in aqueous solution in the cold, 
reduction takes place with formation of a hydrazine, and at 
the same time a second reaction proceeds by which the nitro¬ 
gen is eliminated and the sulphonic acid group takes its place. 
These two products condense togetlier in the nascent state 
and a sulphazide is formed ^— 

2C,H,. N^Cl-l-3302 + 41-1.0 

= 0,11^. NH.NI-I.s62. C,li, + N2 + m,SO^ + 2HCL 

These compounds ai*e also formed by dissolving the amine 
in 95 per cent, alcohol, saturating the solution with sulphur 
dioxide, and adding a concentrated aqueous solution of potas¬ 
sium nitrite.^ 

A differently constituted product results when the neutral 
diazo-compound, prepared from p-nitroaniline (^-nitrodiazo- 
benzene hydroxide, NO^. CgH,^. Ng . OH), is dissolved in abso¬ 
lute alcohol and subjected to tlie action of dry sulphur dioxide 
at 0-5 p-Nitrobenzenediazo-p-nitrobenzenesulphone 
N02.0eH,.N2.S02.CcH,.N02 

is formed.^ 

These sulphones are also obtained by treating a diazo-salt 
with benzenesulphinic acid.^ 

Condensation products in which two benzene nuclei exist 
are also obtained when a diazo-salt is subjected to the action of 
sulphur dioxide in the presence of a not too large excess of 

" Koenigs, Ber,, 1877, 10, 1531; Claasz, ihkl, 1911, 44, 1415, 

^ Ulatowski, 1887, 20, 1238. 

3 Ekbom, Ber., 1902, 35, 656. 

^ Hantzsch and Singer, Ber., 1897, 30, 312. 
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sulphuric acid.^ Diazobenzenc cliloride, under tliese con¬ 
ditions, yields a compound of formula 

. N: N.C,H,. NH.NH.SO3H, 

and 7 )i-diazotaluene chloride a compound of analogous con¬ 
stitution. The reaction takes a different course when sulpliites 
ai’e employed. With neutral alkali sulphites the correspond¬ 
ing diazo-salts are obtained— 

OoH, . N.Cl + K^SOo = C^H^ . N 2 . SO3K H- KCI.2 

In the case of diazotised a-naphthylamiiie aa-azonaplithalcno 
is formed,^ 

Acid sulphites fumisli hydrazinesulphonic acids of formula 
C,H,. NH.NH.SOoX.*^ For example, 23 kilos of sodium 
sulphanilate are diazotised as described on p. 8, the paste is 
mixed with a little water and added to a solution of 30 kilos 
of sodium sulphite in 300 litres of water which has first been 
saturated with sulphur dioxide, giving a 17 per cent, solution 
of sodium h\xlrogen sulphite (22^^ Bd). The diazo-compound 
dissolves with a yellow coloration which soon disappears. 
Fifty kilos of concentrated hydrochloric acid are then added 
and the solution is evaporated to crystallisation. Tlie acid is 
filtered off, washed, and may be recrystallised from boiling 
water.Further, when a solution of sodium liyposulphite is 
allowed to react with diazobenzene sulphate or chloride, the 
chief product is sodium phenylhydrazine-jS-sulphonate. There 
are also formed small quantities of diazobenzeneimide and 
benzenesulphonphenylhydrazine.^ In alkaline solution, tlio 
diazo-group is replaced by hydrogen (see p. 49). 

§ 2. Replacement of the diazo-group by the sulphinic 
acid group, —The formation of sulphinic acids by the direct 

’ 15 grams of aniline and 50 grams of concentrated sulphuric acid, 
Troger, Hille, and•' d’ . J. pr. Chem., 1905, [ii], 72, 511; Troger 
and Schaub, Arch. /' ■ , ' 244, 302; Troger and Franke, ihid., 

307; Troger, Warnecke, and Schaub, ihid., 312; Troger, Berlin, and 
Fj’anke, ihkl.., 326. 

2 Griess Ber., 1876, 9, 1653. » Lange, D. R-P, 78225. 

Schinitfe and Glufz, Ber.^ 1869, 2, 51 ; Strecker and Romer, Bor., 
1871, 4, 784; E. Fischer, Ber., 1875, 8, 589. 

Bev. ‘prod, cliim., 1917, 20, 21. 

Grandinougin, Ber., 1907, 40, 422. 
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action of sulphurous acid on diazo-salts was iirsfc observed by 
F. H. S. Muller and Wiesinger/ but the replacement is best 
carried out by Gattermann’s method, using copper powder.^ 
A solution of the diazo-sulphate, containing an excess of sul¬ 
phuric acid.is saturated with sulphur dioxide, the solution being 
kept cold. Each 100 c.c. of the solution should absorb about 
15 grams of the gas. Copper powder is now added gradually 
to the solution (which should be clear), ice being added to 
keep the solution cold during the operation. The addition of 
copper is continued with vigorous stirring until no more 
nitrogen is evolved. As some sulphur dioxide is carried ofl' 
with the nitrogen, a further quantity is passed through the 
mixture during the reaction. The sulphinie acid is extracted 
from the product by means of ether. In the ease of the 
diazotised naphthylamines it is better to add tlie diazo- 
solution to a mixture of copper powder and a saturated 
solution of sulphurous acid. 

An improved method of isolating the sulphinie acid consists 
in filtering the reaction mixture and adding a concentrated 
solution of ferric chloride to the filtrate. The ferric sulphinite 
is precipitated quantitatively, and when this is treated with 
a slight excess of aqueous ammonia, the ferric hydroxide 
filtered ofi‘ and hydrochloric acid added, the sulphinie acid 
separates out. On treating the solution of the sulphinie acid 
in sodium carbonate with sodium hypochlorite the correspond¬ 
ing sulphonyl chloride is obtained, and if the ferric salt is 
decomposed by ammonia and then treated with hypochlorite, 
the corresponding sulplionamide results.^ Instead of copper, 
copper sulphate may be used and zinc dust added,^ and the 
use of cuprous wsulphide has also been proposed.^ 

The decomposition may be carried out by the use of cuprous 
oxide as follows : 9-3 kilos of aniline are dissolved in 150 kilos 
of 20 per cent, sulphuric acid and diazotised in the usual way. 
Fifteen kilos of sulphur dioxide are passed into the solution 

1 Rer., 1879,12, 1348. 

2 Ber., 1899, 32, 1136 j E. P. 26139 of 1896; D. R-P. 95830; P, P. 
252787 

^ Dreyfus and Clayton Aniline Co., E. P. 13055 -and 13056 of 1906 ; 
J. Thomas, Trans.^ 1909, 95, 342. 

E. P. 13054 of 1906. E. P. 7288 of 1906. 





66 


THE DIAZO-COMPOUNDS 


and 15 kilos of cuprons oxide are added in small portions at 
a time, care being taken that the temperature does not rise 
above 5° and that the whole is Avell stirredd 

An alternative process is the following : 9-3 parts oE aniline 
are dissolved in 40 parts of 20 per cent, hydrochloric acid 
and diazotised at 0-5^ with 7 parts of sodium nitrite dis¬ 
solved in 10 paints of water. To this solution is added 30 parts 
of sodium hydrogen sulphite solution (40 per cent.) and 
30 parts of a 35 per cent, alcoholic solution of sulphur dioxide 
at 0-5°, and then a concentrated aqueous solution of 2*5 parts 
of copper sulphate. 'I'he whole is stir*red and the temperature 
allowed to inse to 15-20°. The mass is then neutralised 
with sodium carbonate, the alcohol distilled off, and the filtered 
solution acidified with hydrochloric acid. The sulpliinic acid 
is filtered off and purified hy dissolving it in sodium carbonate 
solution and precipitating with hydrochloric acid.^ 


§ 3. Hydrogen sulphide.— When hydrogen sulphide is 
passed through an aqueous, nearly neutral, solution of ^.^-iiitro- 
diazobenzene chloride at 0 °, the diazo-sulphide 

(NO,, C,H^. 1 ^ 2)28 

is produced. 

In hydrochloric acid solution, the mercaptan hyclrosulphide, 
N 02 .CgH 4 ,N 2 .SH,H 2 S, is first formed, and on prolonging 
the passage of the gas the disulphide, (NO,. CgH^. N 2 ),S 2 , 
results.^ 

On warming diazotised sulphanilic acid with alcoholic 
potassium sulphide, the diazo-nitrogen is expelled and the 
dipotassiuin salt of _^j“thiophenolsulphonic acid is produced— 

= °*=4o,n;+^»* 

and mercaptan combines with diazo-salts to form an inter¬ 
mediate compound which loses nitrogen on warming— 


Q jj / ^2 \o —> 0 H ^ 0 [j /S.Cgli 


^\SO,H 


^^\SO^R 


^ D. R-P. 100702. 

“ E. P. 12871 of 1900; B. R-P. 130119, 

^ Bamberger and Kraus, Ber., 1896, 29, 272. 
“ Be}-., 1887, 20, 31)0. 
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Siinilarly phenyl mercaptan forms cori*esponding tliiojihenol 
ethers d 

§ 4. Replacement of the diazo-gronp by the azoimino-group. 

1. Action of ammonia. —Griess ex<arnined the action of 
concentrated aqiieons ammonia on diazobenzene nitrate,^ and 
obtained an extremely unstable compound whicli decomposed 
into phenoh aniline, and nitrogen. 

This substance was shown by von Pechmann ^ to consist of 
bisdiazobenzeneamide, the reaction proceeding as follows: 

2G,Ii,. NgCl + 3 NH 3 = . N 2 . NH.N^. + 2 NH 4 CL 

A similar substance is obtained from 2 ?-diazotoluene chloride, 
but 2 >nitrodiazobenzene chloride yields only j^-dinitrodiazo- 
aminobenzene under the same conditions. 

Diazobenzene picrate and ammonia give ammonium picrate, 
diphenylamine, aniline, and phenol.'^ 

On extending this reaction to diazobenzene perbromide, 
Griess obtained the first of a very important series of now 
compounds, namely, the diazoimides, containing tliree atoms 
of nitrogen united together— 

C^H,. NBr.NBr^ + NH^ = 0,fT,. K, + 3 PIBr. 

The empirical formula is CgH^Nj,, and Kekuld proposed for 
it the constitutional formula— 

/N 

Diazobenzeneimide or phenylazoimide is a yellow oil pos¬ 
sessing a stupefying odoui\ It boils at 59° under a pressure 
of 12 mm. and explodes when heated at the ordinary pressure. 
When it is heated with hydrochloric acid nitrogen is evolved 
and chlorobenzene is obtained ^; with sulphuric acid two- 
thirds of the nitrogen is eliminated and aminophenol is pro¬ 
duced.^ Phenylazoimide is also obtained when hydroxyl- 
amine acts on diazobenzene sulphate,'^ 

^ Hantzsch and Freese, JBer,, 1895, 28, 3237. 

2 Amialen, 1866, 137, 81. 

3 Bei\, 1894, 27, 898; 1895, 28, 171. 

^ Silberrad and Rotter, Trans., 1906, 89, 167. 

Ber., 1886, 19, 313. 

" Ber,, 1894, 27, 192. 

" Ber., 1892, 25, 372 ; 1893, 26, 1271. 

P 2 • 
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. N,. HSO4 -i- NH,. OH = C,H, . + H^O + H^SO,, 

by the action of chloroamine (socliam hypochlorite and 
ammonia) on diazobenzene chloride,^ and by the elimination 
of water from nitrosophenylhydrazine-^ 

/NH, 

CcH,.N< = 0 ,H,.N 3 + H ,0 

^NO 

Another method of preparation consists in treating phenyl- 
semicarbazide or phenylazocarbonamide with sodium hypo¬ 
chlorite or hypobroniite.^ When phenylazoimide is reduced 
by means of stannous chloride and hydrogen chloride in 
ethereal solution at —20°, a stannichloride is produced from 
which diazobenzeneamide or phenyltriazen, is 

obtained. This is an unstable substance melting at 50°, and 
is quantitatively oxidised to phenylazoimide by means of 
sodium hypobromite or alkaline silver solution.^ 

2. Action of hydrazine.— The action of diazo-salts on 
phenylhydrazine was first studied by Griess,^ who obtained 
phenylazoimide by treating phenylhydrazine with m-diazo- 
benzoic acid— 

2 C„h/ I +2O0H5.NH.NH2 

= . N 3 + C 0 H 3 . NH 3 + CO 3 H.O 3 H,. N, 

+ NH 3 .C 3 H,.C 0 ,H 

and also by the interaction of diazobenzene and m-hydrazino- 
benzoie acid— 

+ . N3. OH 

= C„H,. N3+. NH, + CO,H.C„H,. 

+NH2. CbH, . CO^H + 2H3O. 


^ Forster, Trans., 1915,107, 260. 

^ Darapsky, Be?'., 1907, 40, 3033. 

^ Diinroth, Ber., 1907 , 40, 2376 ; for further literature on this subject 
see Dimroth, Ber., 1905, 38, 670; Forster and Fierz, Trans.,. 1907, 91, 
855, 1350, 1942. 

^ Ber., 1876, 9, 1659. 
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The same compound was obtained by E. Fischer by acting on 
plienylhydi-azine with diazobenzene sulphate— 

OfiHs. N^. SO^H + OfiHg. NH.NH2 

= . N3 + C,H-. NH^, H,SO,.^ 

It has been sliovvn, however, that in addition to the above 
compound a substance is formed of formula 

CcH,.N,.N(0„H,).NH„ 

to which the name diazobenzenephenylhydrazido is given.^ 
When tins compound is oxidised with dilute permanganate 
solution, bisdiazobenzenediphenyltetrazone is obtained. This 
compound, of formula 

C„I-I,. Na. N(C„H,).N: N.N( 0 „H,).N : N.O„H„ 
contains a chain of no less than eight nitrogen atoms. 

When hydrazine itself is substituted for the phenyl deriva¬ 
tive two reactions proceed: on the one hand, we have the 
formation of diazobenzeneimide and ammonia, and on the 
other, aniline and azoimide are produced, thus— 

. N,. NH.NH^ = CeHs • N^ + NH, 
and CoHg. N^. NH.NH^ = CcH,. NH^ + N^H; ^ 
the latter reaction, however, proceeds to only a slight extent. 

3 . Action of azoimide. —The azoimides are also obtained 
by adding a solution of azoimide or its sodium salt to a diazo¬ 
solution containing excess of sulphuric acid. The resulting 
azoimide is extracted with ether.*'^^ (For the preparation of 
azoimide by reactions which do not involve the use of diazo- 
corapouiids, text-books on Organic Chemistry should be con¬ 
sulted.) 


§ 5 . Benzoyl chloride.—When diazo-salts are ti'eated with 
an aqueous suspension of benzoyl chloride and copper 
powder, dibenzoylhydrazines, RN(CO.C|5H5)N(CO.O(.H5)R. are 
obtained.® 

' Ber., 1877, 10, 1334 ; Annalen, 1878,190, 94; coinijare also Gricss, 
Ber., 1887, 20, 1528; 1888, 21, 3416. 

^ Wohl and Schiff, Ber., 1900, 33, 2741. 

Ber., 1893, 26, 88, 1263. 

* Noeltingand Michael, Ber., 1893, 26, 86. 

' Biehringer and Busch, Ber., 1902, 36 1964, 
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^ 6. Copper acetylide.— The action of copper acetylicle on 
diazobenzene chloride gives chiefly chlorobenzene, but witli the 
diazo-sulphate the products are (1) a little phenol, (2) diphenyl, 
and (3) tetraphenylethaned The following equations represent 
the reactions: 

4CcH-.N..HSO, + 2Cu2C2 

= CH(CeH,)2 + C2H2 + 4N2 + 4CuSO,, 

2CcH..N2.HSO, + Cu2C2 

. CeHg + C 2 H 2 + 2 N 2 + 2 CuSO,. 

§ 7 . Antimony salts. —Phenylstibinic acid, OgH^.SbO (OH) 2 , 
is obtained through the diazo-reaction as follows: 93 parts of 
aniline are dissolved in 1,000 parts of water and 147 parts 
of sulphuric acid, and a solution of 71 parts of sodium nitrite 
is added. On the other hand, 140 parts of anti irony trioxide 
are dissolved at the ordinary temperature in 764 parts of 
h^alrochloric acid (D 1-123), and to the solution is added 
a solution of 600 parts of sodium hydroxide in 3,000 parts of 
w^ater. The mixture is rapidly cooled and one part of tlie 
sodium antimonite separates. When the mixture has been 
cooled to 0°, ice is added and the above diazo-solution is run 
in rapidl}'. The evolution of nitrogen can be assisted by 
adding copper paste to the antimony solution before the 
diazo-solution is run in. After several hours the excess of 
sodium hydroxide is almost neutralised with dilute sulphuric 
acid and the cold solution filtered, I'he phenylstibinic acid 
is precipitated from the filtrate by means of hydrochloric acid. 

For its purification, 100 parts are dissolved in 260 parts of 
hydrochloric acid (D 1-123) by the aid of heat, and the hot 
solution is saturated with ammonium chloride, which is added 
in the solid state. The oxychloride which separates is 
collected when cold, washed with a saturated solution of 
ammonium chloride in hydrochloric acid, and decomposed in 
the cold with a slight excess of dilute sodium carbonate. The 
filtrate is treated with hydrochloric acid to precipitate the 
phenylstibinic acid.^ 

* Scharwin and Plachuta, J, Bhss. Fhys. Cheni, Soc„ 1916. 48, 253. 

2 E. P. 16350 of 1912; D. R-P. 254421; U. S. P. 1260707. 
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A modification of tins process consists in dissolving 93 parts 
of aniline and 220 parts of antimony trichloride in 850 parts 
of hydrochloric acid (D IT23) and 1,000 parts of water and 
diazotising the solution with 71 parts of sodium nitrite. On 
slowly adding to the diazo-solution a solution of 400 parts of 
sodium hydroxide in 10,000 parts of water in the cold nitrogen 
is evolved and phenylstibinic acid is formed whicli is isolated 
as above d 

§ 8, Arsenic salts. —Pheiiylarsinic acid is obtained by 
adding a cold solution of diazobenzene nitrate, neutralised 
with sodium hydroxide, to a mixture of sodium arsenitc, 
sodium hydroxide, and precipitated cuprous oxide. When 
the evolution of nitrogen lias ceased, the solution is rendered 
alkaline with barium hydroxide, filtered, and the product 
isolated by the addition of hydrochloric acid.^ 

In the preparation of 2:4-dinitrophenylai\sinic acid a solu¬ 
tion of sodium arsenite is added to a strongly acid solution of 
diazotisod 2:4-dinitroaniline. The reaction is coinjiletod by 
warming, and the acid is precipitated by adding sodium 
chloride.^ 


^ D. R-P. 261825 ; compare also D. R-P. 269205. 
- D. R-P. 264924. 

3 K. P. 24667 of 1912 ; D. R-P. 266944. 
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FORMATION OF DIPHENYL DERIVATIVES IN TPIE 
DIAZO-REACTION 

By acting on cliazobenzene nitrate witli potassium ferro- 
cyanide, Griess ^ obtained azobenzene, a substance liaving tlie 
formula CjgHj^No, and a brownish oil. The second of these 
was shown later to be benzeneazodiphenyl — 

Griess also observed the formation of ^}-diphenol by the 
decomposition of the double salt, . N 2 C 1 ) 2 , SnCl^.^ 

As will be seen later (p. 85), diazo-salts combine with amines 
to form diazoamino-compounds, and these pass, by molecular 
change, into aminoazo-compounds. In the simplest case, that 
of diazobenzene chloride and aniline, in addition to aminoazo- 
benzene, o- and p-aminodiplienyl are formed.'’^ 

A similar case has not been observed, however, when a diazo¬ 
salt acts on a phenol, but when nitrosophenol is thus treated, 
diphenyl derivatives are largely produced ^ 

Also in the preparation of phenol from diazobenzene sul¬ 
phate 0 - and ^:>-hydi'oxycliphenyl are formed.^ 

It is evident, therefore, that at the moment when the diazo¬ 
nitrogen separates from the benzene nucleus, two of the latter 
unite at this point. 

Diphenyl may be prepared in good yield by Gattermann's 
method of adding copper powder to a solution of diazobenzene 
sulphate in alcohol.'^ 31 Grams of aniline are dissolved in 

1 Annalen, 1866,137, 39; Ber., 1876, 9, 132. 

^ Locher, Ber.^ 1888, 21, 911 ; comjoare also p. 74, and Ehrenpreis, Bidl. 
Acad. Sd. Cracow, 1906, 265. s Ber., 1885, 18, 960. 

^ Hirscb, Ber., 1892, 25, 1973; see also Heusler, Annalen. 1890, 260, 
227. ' ’ 

‘'5 Borsclie, R^r., 1899, 32, 2936; AnnaJen, 1900, 312, 211. 

Hirscb, Ber., 1890, 23, 3705; J. pr. Cliem., 1885, [ii], 32, 117; com¬ 
pare also Norris, Macintyre, and Corse, Amer. Cliem. J., 1903, 29, 120. 

^ Ber., 1890, 23, 1226. 
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40 grams of concentrated sulphuric acid and 150 grams of 
water, and the solution is diazotiscd in the usual manner with 

grams of sodium nitrite. 100 Grams of alcohol (90 per 
cent.) are now added, and then 50 grams of copper powder. 
Nitrogen is evolved and the temperature rises to about 30-40°. 
After about one hour, wlien tlic reaction is finished, the whole 
is distilled with steam; alcohol passes over, and wlien the 
distillate gives, on addition of water, a solid substance, the 
receiver is changed, and crystals of diphenyl are collected. 
Instead of copper powder, 100 grams of zinc dust or iron 
powder may be used. 

Diphenyl is also obtained by the action of stannous chloride 
on diazobenzene chloride or formate.^ 

A large numl^er of similar condensation products are 
obtained by subjecting mixtures of diazo salts and hydro¬ 
carbons or similar ring-compounds to the action of aluminium 
chloride; tlius diphenyl is obtained from diazobcnzenc chlo¬ 
ride and benzene, and tlie corresponding phenyl derivative 
results from the condensation of this diazo-salt with thiophen, 
pyridine, and quinoline.^ 

In applying the cuprous chloride and copper powder methods 
for the production of chloro-derivativos to the case of many 
nitrodiazo- and chloronitrodiazo-salts, a remarkable tendency 
towards the formation of diphenyl derivatives has been 
observed. 

Thus, when o-nitrodiazobenzene chloride is acted on by 
copper powder, a yield of 60 per cent, of 2: 2^-dinitr‘odiphenyl 
is obtained; ^ by using cuprous chloride a yield of 68 per cent, 
is produced,^ 

The diphenyl reaction is also brought about by treating 
diazo-salts with cupi'ous oxide dissolved in ammonia,^ and 
corresponding derivatives are formed by treating diazo-salts 
with zinc ethyl.^ 

^ Culmann and Gasioro-wsld, J.pr. Client., 1889, [ii], 40, 97. 

^ Mcjhlau and Berger, Ber., 1893, 26, 1994; see also Kiihling, Ber., 
1895, 28, 41; 1896, 29, 165, and Bamberger, Ber., 1895, 28, 403. 

^ Niementowsld, Ber., 1901, 34, 3325. 

^ Ullniann and Forgan, Ber.. 1901, 34, 3802 ; D. E-P. 126961. 

Vorlander and F. Meyer, Annalen, 1902, 320, 122. 

Bamberger and Tichwinsky, Ber., 1902, 35, 4179; Ticbwinsky, 
J. Buss. Bhys. Chem. Soc., 1903, 35,155, 675 ; 1904, 36,1052. 
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A similar condensation takes place in the naphthalene series; 
thus when /3-diazoDaphthalene sulphate is dissolved in alcohol 
and treated with zinc dust, to which has been added a very 
little powdered copper sulphate,/3jS-dinaphthyl is formed,^ and 
when a cold neutral solution of diazobenzene chloride is mixed 
with a solution containing 1 molecular proportion of copper 
sulphate and 6 molecular proportions of sodium thiosulpliate 
(a solution of the salt CU 2 S 2 O 3 ,3 Na 2 S 203,6 H 2 O), benzene- 
azodiphenyl, CgHg. Ng. . CgHg, is produced, together with 

phenyl sulphide, (CqH 5 ) 2 S.^ 

An interesting example of this linking of two groups in 
the anthracene series is tlie production of 2 : 2 '-dimethyl- 
1:1'-dianthraquinonyl. Twenty parts of l-amino-2-methyl- 
anthraquinone are dissolved in 250 parts of sulphuric acid 
(97 per cent.) and 8 parts of solid sodium nitrite are added 
gradually at the ordinary temperature. When the diazotisa- 
tion is complete, tlie product is poured on 500 parts of ice, 
and after three hours the diaz(j-sulphate is filtered off, washed 
successively with a little cold water, alcohol, and ether, and 
dried in the air. Ten parts are then stirred with 60-80 parts 
of acetic anhydride, and 2 parts of copper powder ('copper 
bronze’) are added. Nitrogen is evolved and a violet solution 
is obtained, from which, after a few hours, a yellowish-white 
precipitate separates out. This is warmed on the water-bath, 
filtered, and the residue suspended in hot water to destroy 
acetic anhydride, then treated with dilute nitric acid to 
dissolve copper, and filtered ofF.^ 

^ Chattaway, Trans. ^ 1895, 67, 653. 

2 Bornstein, Ber., 1901, 34, 3968. 

3 E. P. 14578 of 1905; D. R-P. 180157 ; F. P. 357239 ; U. B P. 856811; 
Scholl and Kunz, Rer., 1907, 40, 1697. 



CHAPTEE X 


INTERCHANGE OF GROUPS IN DI AZO-COM POUNDS 


A CURIOUS reaction was noticed by Meldolad who found 
that when 3:4-dmitro-o-aiiisidine (I) is diazotised in acetic 


NH, 

NH, 





\/NO, 


\/NO, 

NO, 

O.CH, 

O.CH, 

(I) 

(H) 

fill) 

acid solution, the resultin 

g diazo-com 

ipound only contains one 


uitro-gTOup; the other having been eliminated during diazo- 
tisation, a substance of formula 

ch,.o/N 
6 —- 

being obtained.- The nitro-group has thus been replaced by 
hydroxyl in the process^ being itself liberated in the form of 
nitrous acid. 

In a similar manner dinitro-^>anisidine (II) on being diazo- 
tised in presence of acetic acid loses a nitro-group, the 
diazo-compound formed giving with /3-naphthol a substance 
of formula (III), the diazo-compound itself not having been 
isolated. 

In nitric or sulphuric acid solution the nitro-group remains 

1 Trans., 1900, 77, 1172. 

2 Froc., 1901,17, 135. 

Meldola and Eyre, Trans,, 1902, 81, 988. 
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unaffected, but in presence of hydrocliloric acid tlie nitro- 
group adjacent to the diazo-group is replaced by chlorine. 

Meldola and his pupils have found that when a nitro-group 
is in the ortho- or para-position with respect to an amino-group, 
no displacement of the nitro-group takes place on diazotisation 
unless there is a second nitro-group adjacent to the first 
(mobile) group. 

It has further been observed that when a inethoxy-group 
is in the para-position with respect to the amino-group, and at 
the same time has a nitro-group in an adjacent position, de- 
methylation takes place on diazotisation.^ 

Thus the compounds 


OMe 

OMe 

no./\no., , 

/^NO^ 

1 1 
\/ 


NH., 



yield the corresponding quinonediazides of dinitrobenzene-- 

Q Q 

no/Sno, Ano, 


and the diazo-chloride of o-nitro- 2 >anisidine, when heated 
with acetic anhydride at 80°, gives )2-nitro-4-diazobenzenG- 
1-oxide -— 


OMe 

0 — 

noA 

N0/\ 

1 

—> 

\/ 

V 

N,C1 

N,- 

On the other hand the compounds 

OMe 

OMe 


NO^A^^^a 

1 

and 

NO^q/^NO, 

k/A 

NH, 



^ Meldola and Stephens, Trans,, 1905, 87, 1205. 
2 Ber\, 1914, 47, 1407. 
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yield the compounds 


OMe 

d>0. 


NOj 




:0 


and 


OMe 



Here the 3-nitro-ga’Oup is more readily displaced than the 
methoxy-group when the diazo-group is formed in its neigh- 
bourhoodd 

Also when 77i-phenylenediaminedisulphonic acid is tetrazo- 
tised, a sulphonic acid group is replaced by hydroxyl with 
formation of tetrazophenolsulphonic acidd 

In some other cases which have been observed, it has been 
possible to obtain a nitrodiazo-compound which, even on dilu¬ 
tion with water, soon loses a nitro-group. Thus if the dinitro- 
/j-naphthylamine of formula (I) is diazotised in concentrated 
sulphuric acid solution and poured into ice-cold water, a pre- 



NOW 

(I) 


0 \ 


(H) 


eipitate is formed after a short time consisting of a diazo¬ 
oxide, to which is assigned the formula (II). The nitro-group 
in the a-position is thus replaced by hydroxyl. Similarly 
from the dinitronaphthylamine (III) the corresponding mono- 


NO,NO„ 

N0,0\ 

\/\/ 

1 

\/\/ 

(III) 

(IV) 


nitrodiazo-oxide (IV) is obtained. The formation of the 
nitrodiazo-oxicle (V) from the corresponding dinitro-a-naph- 


^ Meldola and Reverdin, Trans., 1910, 97, 1204. 
" E. P. 18283 of 1903. 

^ Gaess and Ammelburg, Ber., 1894, 27, 2211. 





78 


THE DIAZO-OOMPOUNDS 



NH, 

i^YV’o, 



(VI) 


tliylamine (VI) takes place in exactly the same way.^ 

In all the above cases it will have been noted that the 
nitro-group which is eliminated reappears as free nitrous acid. 
This has led Meldola and Eyre^ to make the experiment of 
starting the diazotisation of the above-mentioned dinitro-o 
anisidine with a small quantity of nitrous acid (one quarter of 
the theoretical amount was used); and they observed that the 
diazotisation was continued by the nitrous acid thus eliminated. 

This transformation is not confined to those diazo-compounds 
containing only nitro-groups. Many other cases are known ; 
thus Meldola and Streatfeildfound that when the sulphate 
of dibromo-/3-naphthylamine (I) was diazotised in the presence 


Br 

/VNnh, 


\/\/ 

Br 

(I) 




\/\/ 

Br 

( 11 ) 


of acetic acid and the resulting mixture raised to the boiling 
point, the normal reaction, namely, replacement of the diazo- 
group by hydroxyl (see p. 36), did not take place, but bromine 
was displaced and a diazo-oxide (II) was formed. In a similar 
manner chlorobromo-j8-naphtliylamine yielded a bromodiazo- 
oxide— 


Cl 

/VNnh, 


Br 



' Priedlander, Ber., 1895, 28, 1951. 
- Trans., 1901, 79, 1076. 

“ Trans., 1895, 67, 908. 
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Similar substitutions of a halogen group by hydroxyl have 
been observed to take jolace by merely treating the diazo-salt 
with alkalis. Thus 2:4: 6 -tribromodiazobenzene chloidde 
yields the dibroinodiazo-oxide 


N,C1 

Br^NBr 


\/ 

Br 




Br 


The same reaction takes place in the case of 2“Chloro-3- 
nitroaniline’-5-sulphonic acid, 

NH, 

^\CI /S:0‘^ 


SO-jff 


'NO, 


SOaH'^^NO^ 

and the tetrazo-derivative of 2 -chloro-m-phenylenediamine' 
5-sulphonic acid, under the same conditions, loses chlorine, 
a hydroxyl group taking its place— 

Cl OH O 

ClNo 

; I ^ ^ I ^ 

or 


CINC1N,/S: N/ 


\/ 


bOgH 


\/ 


SO 3 H 




fSOjH 


A sulphonic acid group also undergoes this change; thus 
the compound 

SO 3 H 0 

SOJI/^N^NNoCI SO,Hr^\/SN, 


SO 3 H 

when diazotised and rendered alkalined 


SO,H 


^ Bamberger and Kraus, Ber.^ 1906, 39, 4248 ; Bamberger, Annalen^ 
1899, 305, 289. Compare also Silberstein, J. pr. Chem.^ 1883, [ii], 27, 98. 

2 E. P. 12584 of 1902 ; B. R-P. 141750. 

3 E. P. 16811 of 1901. 

^ E. P. 23993 of 1902. 
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The repiaccment proceeds even when the diazo-salt of a 
weak acid such as the acetate, carbonate, bicarbonate, oxalate, 
Ac., is kept; this takes place in the case of 2:5:6-tinehloro- 
aniiine-?7i-suIphonic acid, o-nitroaniline-p-suliohonic acid, 2:4- 
dinitroaniline,^ and o-nitroaniline-^j-arsinic acid.- 

The transformation of 2:4: 6-tribromo- and trichloro-diazo¬ 
benzene takes the same coui'se as shown above,^ and a similar 
phenomenon occurs in the case of a considerable number of 
halogen derivatives of the benzene and naphthalene series.^ 
Some strikino- molecular transformations have been observed 

o 

by Hantzsch.^ If ^^-chlorodiazobenzene thiocyanate (preioared 
by adding potassium thiocjanate to the diazo-chloride) is 
dissolved in alcohol containing a trace of hydrochloric acid, 
the thiocyaiio-group changes place with the chlorine atom, 
and on adding ether to the solution, ^;-thiocyanodiazobenzene 
chloride is precipitated, thus— 

N,.SCN N,C1 


/\ 



1 1 


j j 

\/ 



Cl 


SON 


Similarly, many brominated diazo-chlorides pass into chloii- 
nated diazo-bromides; ^ for example, 2:4; 6-tribromodiazo- 
benzene chloride is converted into chlorodibromodiazobenzene 
bromide.' 

This transformation has been studied quantitatively, and 
has been found to proceed according to the following laws:— 

(1) The bromine atoms are replaced only when present in 
the para- or ortho-position with respect to the diazo-group, 
those in the ortho-position being most readily removed. A 
bromine atom in the meta-position is not affected. 

’ E. P. 20551 of 1901. 

2 E. P. 1543S of 1911; D. R-P. 243648. 

^ Orton, Proc. Roy. Soc., 1902, 71, 153. 

^ Orton, Proc., 1902, 18, 252 ; Trans., 1903, 83, 796 ; 1907, 91, 1554; 
E. P. 1561 and 6615 of 1902; 16995 and 27372 of 1903; 4997 of 1904 ; 
Noelting and Battegay, Ber.j 1906, 39, 79; Witt, Ber., 1909, 42, 2957. 

Ber., 1896, 29, 947. 

® Hantzsch, Sclileissing, and Jilger, Ber., 1897, 30,2334; see also.R^?r., 
1898, 31, 1253. 

Hantzsch and Smythe, Ber., 1900, 33, 505. 
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(2) The ease ol: transformation increases witli the nnmher 
of bromine atoms present. 

(3) The transformation constant, calculated from tlie equa¬ 
tion for a unimolecular reaction, 


increases with the temperature and is also influenced by the 
solvent, having its minimum value in water, and becoming 
greater as the series of alcohols is ascended. 

(4) The diazo-salts containing two bromine atoms are 
stable when dry, but are rapidly transformed in ethyl alcohol; 
2:4: G-tribromodiazobenzcne cliloride becomes transformed 
even in the dry state. 

A corresponding isomeric change docs not take place in the 
case of tri-iododiazobenzene chloride or tribromodiazobenzene 
fluoride.^ 

Lastly, a remarkable change is undergone by 1-nitrodiazo- 
^-naphthalene chloride, which is transformed in jDresencc of 
glacial acetic acid into l-chlorodiazo-/5-naphfchalene nitrite.^ 


1 Hantzsch, Ber,, 1903, 36, 20G9. 
” Morgan, T)xnis,j 1902, 81, 1376. 



CHAPTER XI 

ACTION OF LIGHT ON DIAZO-COMPOUNDS 

Most investigators who have worked with diazo-coinpounds 
have noticed that they are very easily changed by tlie action 
of light. Thus Berthelot and Vielle in 1881 ^ recorded tlio 
observation that when diazobenzene nitrate was exposed to 
light it became rose-coloured. 

This decomposition has been made the basis of photographic 
processes: thus Peer in 1889 ^ exposed a iilin coated with a 
mixture of a diazo-sulphite and a phenol or amine to liglit. 

A decomposition of the former occurred which was followed 
by the formation of an azo-compound^ and hence the produc¬ 
tion of a coloured negative. 

Green, Cross, and Bevan coated films with diazotised pri- 
muline, the decomposition of which was proportional to tlie 
intensity of the light; this formed the ' negative and a ' posi¬ 
tive ' was developed by treatment with an amine or a plmnol. 
Those parts of the negative which had been exposed to bright 
light gave no colour with the component, owing to the destruc¬ 
tion of the diazo-compound with evolution of nitrogen and 
formation of a phenol. They concluded, liowever, tlnxt 
union of the diazo-compound with the medium (cellulose) was 
necessary, for the free diazo-primuline when exposed to light 
in a thin film was either not decomposed at all or only after 
long exposure. 

Andresen^ examined the behaviour of the diazo-salts of tlio 
two naphthylamines, and showed that the reaction was similar 
to that effected by heat, namely, that phenols wore Ibrmcd 
thus— 

KN^Cl + H^O = KOH-f-Ng-hHCl. 

Buff and Stein ^ arrived at the following conclusions with 

^ CompU rericl, 1881, 92, 1074. 2 53455. 

^ D. R-P. 56606, JBer., 1890, 23, 3131; J. Soc. Chem. Iml, 1890, 9, 1001. 

^ Photograpliisclie Correspondenz. 1895. 

s Ber., 1901, 34, 1668. 
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regard to the action of light on substituted diazobenzene 
chlorides. 

Those which contain a negative group (OH, NO 2 , CO^H) in 
the para-position are more sensitive than those containing 
a similarly situated positive group (Cl, CH^); the influence of 
the nitro-group is greatest. Ortho- and f)ara-substituted 
groups have about the same effect, either in increasing or 
decreasing sensitiveness; this effect is always less than that of 
a meta-group. In the case of diazo-salts derived from different 
nuclei, the sensitiveness to light increases with the number of 
atoms in the nucleus ; thus the diazo-salt from 3-aminoca)‘ba- 
zole is nearly?' five times as sensitive as that from p-toluidine. 

As regards tlie decomposition of diazo- and tetrazo-com- 
pounds an equal number of diazo-groups are destroyed by liglit 
in the same time; tlius the same number of minutes is neces¬ 
sary to decompose completely the diazo-salt from an Ay 10 
solution of _ 2 ?-aminodiphenyl as from an A^/20 solution of 
benzidine. 

Orton, Coates, and Burdett^ were the first to investigate 
extensively tin’s reaction. Solutions of the diazo-salts of 
various aromatic amines were found to decompose under the 
action of light in the manner indicated by Andresen, but the 
nieclianism whereby the phenolic decomposition is effected 
must be very different from that induced by the action of 
heat, for the remarkable fact was discovered that many of tlie 
diazo-compounds which are decomposed by water oi' acids 
only with very great difficulty, and then only to a very slight 
extent—for example, the diazo-salt of 2:4: G-trihromoaniline— 
undergo rapid transformation under the action of light with 
quantitative formation of the corresponding phenol. 

A similar instance of this difference in stability towards 
heat and light had been noticed by Meldola, Woolcott, and 
Wray,^ wlio found that the compound 




G 




Trans,, 1907, 91, 35. 


“ Trans, 1896, 69, 1327. 
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was stable towards boiling water, but that it decomposed 
gradually and became brown on exposure to light. 

The s2/?i-diazo-cyanide of 2 :4 : 6-tribroi>ioaniline in benzene 
solution changes under the action of light into the corre¬ 
sponding cHi/i-compoundd 

^ Ciusa, Atti E. Accad, Lincei, 1906, [v], 15, ii, 136; for an explanation 
of* the terms syn and anti see p. 145. 
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DIAZOAMINO-COMPOUNDS 

Thk cliazoamino-compounds are formed by the condensation 
of a diazo-salt with primary or secondary amines in presence 
of sodium acetate, thus— 

(1) . N.,C 1 H- NH,. CsHs = CgHg. N,. NHU^Hs HCI. 

(2) O 3 H,. N„01 -h NH(G3H,).0,H5 

= 0„H,.N,.N(aHAC„H5-)-HCl. 

The preparation of diazoaminobenzene is canned out as 
follows: 10 grams of aniline are dissolved in 100 c.c. of 
water and concentrated hydrochloric acid corresponding with 
12 grams of HCI. The solution is diazotised by adding a solu¬ 
tion of 8 grams of sodium nitrite with the usual precautions. 
On the other hand, 10 grams of aniline are dissolved in 
50 grams of water and exactly the theoretical quantity of 
hydrochloric acid. After cooling this solution with ice it is 
added to the diazo-solution, and then, immediately, a cold 
concentrated solution of 50 grams of sodium acetate. After 
standing for half an hour the diazoaminobenzene is filtered 
off, washed with water, dried on a porous plate, and crystal¬ 
lised from light petroleum. 

Another method consists in treating aniline hydrochloride 
(1 mol.) with an aqueous solution of sodium nitrite ( 1 | mols.).’- 

When aromatic diazo-compounds are allowed to act on 
aliphatic amines, similar diazoamino-compounds are obtained. 
Thus methylamine and ethylamine yield with diazobenzene, 
phenylm ethyl triazen, 

G,H 5 .N 2 .NH.CH 3 , 
and phenylethyltriazen, 

respectively.^ 

^ Vaubel, Chem. Zeit.^ 1911, 36, 1238. 

^ Dimroth, Ber.^ 1903, 36, 909 ; 1905, 38, 670, 2328 ; compare also 
Goldschmidt and Holm, Ber.^ 1888, 21, 1016. 
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These compounds are not tautomeric^ it has been shown 
that the aliphatic-aromatic triazens possess the formula 

X.N:N.NH.CgH,, 

where X denotes the alipliatic group.^ 

The formation takes place also when an alkali nitrite is 
added to a solution of an amine containing no free mineral 
acid— 

2C,PI,. NH., HCl -h NaNO, 

= NH.C.H, + NaCi 4- HCl + 

If two molecules of a diazo-salt condense witli one of a 
primary amine, a bisdiazoamino-compound is formed— 

2CcH-. N,C1 + C,PI,. XH, = (C,H,. + i2HCL 

A modification of this metliod is to allow a molecule of 
a diazo-salt to act on a molecule of a diazoamino-compound— 

C,H,. N/J] + C,H,. N,. NH.C.H, = (C,H,. N,),N.C„PI, -f HCI.^ 

The primary monoamines of the benzene series all yield 
diazoainines, those containing the groups Cl, NOg^CN, &c,, 
most readily?', but the monoalkyJated monoamines of this 
series show a tendency to form azo-compounds; for example, 
methylaniline, when treated with diazobenzenesulplionic acid, 
yields a mixture of the diazoamino-compound, 

so3H.c,h,,n,.N(Ch:3).o,h„ 

and the isomeric aminoazo-compound, 

S03H.C,H4 , . C3H,. NH.OH3d 

A number of bases, as for example diphenyl amine, the 
naphthylamines and their monoalkyl derivatives, m-plicnyl- 
enediamine and certain of its homologues and substitution 
products, form aminoazo-compoiinds direct. Dimethylaniline 
and some other tertiary amines also yield aminoazo-compounds; 
here, of course, no diazoamine can be formed. Griess discovered 


^ Dimroth, Eble, and Gmlil, Ber., 1907, 40,2390 ; see also von Waltlier 
■incl Grieshammer, jjr. Chem., 1915, [ii], 92, 209. 

^ Forster and Garland, Trans,, 1909, 95, 2051. 

2 Ber., 1894, 27, 703. 

Berntlisen and Goske, Bc7\, 1887, 20, 925: Bamberger and Wulz, 
1891, 24, 2082. 
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tlie remarkable fact that the same comjDomid is obtained from, 
for example, diazobenzene chloride and _ 2 >tolmdine on the 
one handj and jo-diazotoluene chloride and aniline on the 
other. 

According to the above equations one would expect two 
different diazoamino-compounds to be formed thus— 

(1) G.K ,. N^Gl -f- NH,. CeH,. CH 3 

= CgHg. N^ . CH 3 + HCl. 

(2) CH 3 . CoH,. N^Cl + NH,. 

= CH 3 . C 3 H,. N 2 . NH.GeHg + HCl. 

If one supposes, however, that an intermediate product is 
formed of the formula 


. NH.NCLNH.CgN, . CPI 3 , 

(a) (b) 

then, by the elimination of hydrogen chloride, either of the 
above formulae is obtained according as to which hydrogen 
atom, (a) or (b), is removed.^ 

In order to decide which of the above formulae is correct, it 
was found that phenylcarbimide combines with the diazo¬ 
amino-compound to form a substance of formula— 


or 


(1) 0,H,.NH,C0.N<§>®5-g^3 

(2) C.H..NH.CO.N<g‘=5^H^,CH.. 


When this is decomposed with dilute sulphuric acid, phenyl- 
_/:?-tolylcarbamide, phenol, and nitrogen are formed, so that the 
conclusion was drawn that its constitution must be represented 
by ( 1 ), for ( 2 ) would give diphenylcarbainide. This conclusion 
was also confirmed by the fact that whichever way the com¬ 
pound is prepared it yields only one acetyl derivative, namely, 
diazobenzene jf>acetotoluidide, which, when decomposed by 
acids, yields acetotoluidide,^ and Goldschmidt advanced the 
theory that the imino-group is always attached to the electro¬ 
negative, and the diazo-group to the electropositive nucleus.^ 


1 V. Meyer, Ber., 1881, 14, 2447; 1888, 21, 1016, 3004. 

2 von Pechmann, Be7\, 1895, 28, 869. 

3 Goldschmidt, Ber., 1888, 21, 2578. 
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When the alkyl derivatives of the mixed diazoamino-coni- 
pounds (that isj compounds in which the two radicles combined 
with the group NyH are different) are examined, it is found 
that three isomeric substances exist. These are formed :— 

1. By the action of X.N,01 on Y.NH.R. 

II. By the action of Y.N^Cl on X.NH.R. 

III. By the alkylation of X.NgH.Y with RI and potassium 
hydroxide. X and Y represent the two radicles united with the 
group NyH, and R represents a univalent alkyl group. 

The isomerides obtained by direct alkylation are also formed 
when the compounds obtained according to (I) and (II) are 
heated together in equimolecular proportions.^ 

In the case of the three isomeric my-dinitrodiazoethylamino- 
benzenes it has been shown by means of the absorption spectra 
that the constitution of the compound obtained by the direct 
ethylation of m 2 /-cliniti*odiazoaminobenzeno (or by heating 
together molecular quantities of the other two isomeiddes) 
is similar to that of its parent diazoaminc, and it follows, 
therefore, that my'-dinitrodiazoaminobenzene consists of a 
mixture (or compound) of equal quantities of the two 
individually unknown isomerides 

/ )>N,.NH<^ 

aaci / )>NH.n/ ^NO^. 

The unitary course of the phenylearbimide reaction is therefore 
attributed to the selective attack of the reagent.^ 

Migration of the diazo-group.— An interesting variation in 
this reaction is that in which the migration of the diazo-group 
occurs. Thus when diazotised sulphanilic acid and ^j-toluidine 
hydrochloride are mixed together at 0° the diazo- and amino- 
groups change places, and there results a mixture of p-diazo- 

^ Meldola and Stieatfeild, Trans,^ 1886, 49, 624 ; 1887, 61, 102, 434; 
1888, 53, 664 ; 1889, 55, 412 ; 1890, 57, 785. 

“ Smith and Watts, Trans. ^ 1910, 97, 562. 
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toluene chloride and sulphanilic acidd In neutral .solution, 
however, the normal diazoamino-compound, 

CH,. CgH, . N,. N1-I.C,F,. SO Ji, 

is formed. 

A corresponding* interchange takes place between on- or 
^>nitrodiazobenzene chloride and ^^toluidine. When, liow- 
ever, ^^-diazotoluene chloride is mixed with m- or ^^-^itro- 
aniline or sulphanilic acid no migration of the diazo-group 
takes place.^ If diazobenzene chloride and p-broinoaniline 
are allowed to interact, aniline and 2 -'”lt>i'oi^^odiazobenzene 
chloride are formedd 

This migration of the diazo-nucleus is probably associated 
with the clianges which occur vdien this grouj^ passes from 
the ^ diazoniuin' (sec chap, xix) to the diazo condition. 

Bamberger found that when an alkali '/so-diazo-oxide is 
dissolved in cold mineral acid, nitrous acid is formed— 

E.N : N.OH + H,0 = R.NPF, + PINO 
R.NH, + HNO, + IP Cl = RN,C1 -f 211,0. 

It is interesting to note that diazoaminO“Compound.s may 
be obtained without the use of diazo-comiDounds; thus they 
ai'e formed by the interaction of nitrosoamines and primary 
aromatic amines ; for example— 

0,PI,(CPI,)N.N0 -F PI,N.C,H, =. C,U,(CH,)N.N,. C,H,. 

Nitrosoacetanilide ^ also reacts in a similar way— 

= , NPI.N,. G^PIs + CPI,. CO,H, 

and two molecules react with one molecule of aniline in alka¬ 
line solution to form a bisdiazoamino-compound, 

= ; n^>N.C„H, + 2CE,. CO,H. 

1 Griess, £er., 1882,15, 2190. 

2 Schraube and F’ritsoli, JBen, 1896, 29, 287. 

^ Plantzsch and F. M. Perkin, Ber., 1897, 30, 1412. 

^ Ben, 1895, 28 , 826. 

° As nitrosoacetanilide, like certain diazo-conipounds, oxidises sodium 
avsenite (to arsenate), and a mixture of potassium cyanide and sodium 
sulphide (to thiocyanate), it is suggested that its formula should ho 
written CJ-Ig. Ng. O.CO.OHg (Gutmann, Ben^ 1912, 45, 821). 
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An isoiiierido of diazoaininobcnzenc is said to result when 
aniline is diazotised in the presence of acetic acid instead 
of a mineral acidd Its constitution is supposed to be 

yN.CeH, 

o,h,.nh/i 

but the existence of such a compound must be accepted with 
reserved 


Reactions of tlxe diazoamino-compounds. —The diazoainino- 
compounds usually have a yellow coloui', and do not dissolve 
in acids. They may generall}?' be crystallised without decom¬ 
position, and are much more stable than the diazo-coinpounds. 

When boiled with hydrochloric acid, nitrogen is evolved-- 
CgH- . N,. + H,0 = . OH f C.H., NH, -h N,. 

On heating with cuprous chloride and hydrochloric acid, 
chlorobenzene and aniline are foxaned— 

C,H,. N,. NH.C.H. -f HCl = C,H,CI -{- CoH,. NH, -p N,. 

Hydrazines ai-e obtained by reduction with zinc dust and 
acetic acid— 


. N,. NH.C„H, + 2H, = . NH.NH, + . NB„ 

and with nitrous acid two molecules of a diazo*compound are 
produced— 

. N,. NH.O 0 H 5 -p HNO, + 2HC1 = 20,. N,C1 + 2H,0. 

By boiling a diazoamino-compouiid with sulphurous acid in 
alcoholic solution, the diazo-gi'oup is I'eplaced by the sulphonic 
acid gi'oup— 

C,H,. . NH.0,H, + 2S0, + 2PI,0 

= C,H,. s6,H + N, + C,H,. NH„ H,S 03 • 

A very important reaction is that which takes place when 
a diazoamino-compound is warmed with a mixture of an 
amine and its hydrochloride ; a molecular change occurs with 
formation of p-aminoazo-compounds ^— 

C,H,.N 2 .NH.C,H, 


^ OrlotF, <7. Bui'S. Phys. CJiem, Soc., 1906, 38, 587. 

^ Compare also Vaubol. Zeitsch. avgew, Chem., 1900,13,762 : 1902,15, 
1209. ' j J ^ j 

^ In the rearrangement of diazoaminohenzene (below 40"^) uj) to 4 per 
cent, of o-aminoazobeiizene is formed (F. H. Witt, Ber., 1913, 46, 2557). 
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TJic velocity of the transformation of cliazoamino- into 
aininoazo-compounds under tlie inflixence of aniline liydro- 
chloride has been shown by Goldschmidt and his pupils to be 
in accordance with the law of unimolecular reactions^ in 
which 



In the case of diazoaminobenzene dissolved in aniline 
containing aniline hydrochloride, the rate of reaction is 
proportional to the concentration of the aniline hydrochloride, 
and increases with the temperature; as is usual in the case of 
a unimolecular reaction, the velocity is independent of the 
concentration of the diazoaminobeiizene. 

The transformation is also effected by other aniline salts, 
such as the dichloroacetate or trichloroacetatcj but the 
rate in this case is slower than when the hydrochloride is 
used.^ 

BenzenediazoaminO“2^-toluene becomes converted into diazo- 
aminobenzene and p-toluidine, the former of which then 
undergoes transformation in accordance with the above rules. 

The conversion takes place more slowly when the diazo¬ 
group is in the ortho-position with I’espect to the amino-group. 
Thus the value of the constant in the case of diazoamino- 
benzene at 45° is 0-081, whilst the corresponding value for 
diazoamino- 2 ^-tolueno is only 0-0095, the solution in each case 
being semi-normal. 

The absorption spectrum of diazoaminobeiizene has been 
measured by Purvis.^ 

> Bey., 1896, 29, 1369, 1899; Zeiisc^li. physikal CJiem., 1899, 29, 89. 

- Compare also Jungiiis, Cheni. WecIchJad, 1905, 2, 246. 

2 Trans., 1914, 105, 590. 
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AZO-COMPOUNDS 

The azo-compomicls, like the cliazo-, contain the group . Ng 
but with the important ditference that, whereas in the latter 
only one organic radicle is united to the . Ng. group, the other 
free linking being combined with an acid radicle, thus R.Nj^Cl; 
in the former two organic radicles are united to the Xj group, 
thus R.N 2 . K. 

The groups attached to the nitrogen atoms may be either 
(1) aromatic, (2) aliphatic, or (3) one aromatic and one ali¬ 
phatic group, giving the mixed azo-compounds. 

The first representative of this class of compounds was 
obtained by Mitscherlich ^ by the distillation of nitrobenzene 
with alcoholic potassium hydroxide. Mitscherlich called the 
substance ‘ azobenzide the modern name being of course 
azobenzene, CgHg. Ng. CcHs* He considered that the substance 
was formed by the replacement of one atom of nitrogen for 
one atom of hydrogen in benzene, but Zinin showed that 
‘ azoxybenzide’ was always formed in this reaction, and this 
on distillation yielded ' azobenzide Zinin also, by the reduc¬ 

tion of this substance with hydrogen sulphide and treatment 
of the product with sulphuric acid, obtained the sulphate 
of benzidine, which he considered was formed by the direct 
reduction of 'azobenzide’. Hofmann, however,^ showed that 
in this reduction hydrazobenzene, C^Hg . NH.NH.O^jPIg, was 
first formed, which, in presence of sulphuric acid, underwent 
molecular change into the isomeric benzidine, 
NH2.0gH,.C,H,,NH2, 

and also proved by a vapour density determination that' azo¬ 
benzide ’ must have a formula double that which had been 
previously given to it. 

1 Annalen, 1834, 12, 311. 2 J, jpr, Chem., 1845, 38, 93. 

Proc. Roy. Soc., 1863, 12, 576. 
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The tizo-conipouncls occupy an intermediate position between 
the nitro-compounds and the corresponding amines; thus in 
tlie case of nitrobenzene we liave— 


Nitrobenzene. 


II 

C,H,.N;0 

Azoxybenzene. 


OA.N C„H,.NH 

' II - 'I 

C„H„.N C„H,.NH 

Azobenzene. Hyclrazobcnzene, 


Aniline. 


§ 1. Azoxy-compounds. —These arc obtained by the reduction 
of nitro- or nitroso-compounds witli methyl- or ethyl-alcoholic 
potassium hydroxide— 

40,PI-. NO^-i- 3CU3.0Na=2(OoH,. Njp + SHUO^Na-b SH^O. 
Other reducing agents which may be employed are sodium 
amalgam and alcohol, zinc dust and alcoholic ammonia, zinc 
dust^ or dextrose - and sodium hydroxide, arsenious acid in 
alkaline solution, sodium staunite,*^ or stannous chloride in acid 
solution.'’^ 

^>Nitrodiazo-compounds are reduced in alkaline solution to 
azoxydiamines.’'' Azoxybenzene is formed by the electi’ol} tie 
reduction of a suspension of nitrobenzene in concentrated 
sodium hydroxide solution at 105-1and the electrolytic 
reduction of 2 :4-dinitroanisole in alkaline solution at a mercury 
cathode gives 5:5'-dinitro-o-azoxyanisole.'^ 

Technical methods of preparation consist in reducing nitro¬ 
benzene in the presence of sodium hydroxide solution with iron 
pyrites,^ alkali sulphide,^ cellulose (or sawdust),molasses 
or the iron mud residue from the manufacture of aniline 
(consisting of triferric tetroxide with a trace of free iron).^^ 

' E. P, 9315 of 1887 ; D. R-P. 44045 ; F. P. 184549; U. S. P. 380927. 

^ Jansen, ZeHsch, Farh.-Ind.^ 1913,12, 181. 

^ Green and Lawson, Trans,^ 1891, 69, 1013. 

Flurscheim and Simon, Tran^^., 1908, 93, 1463. 

D. R-P. 211029. D. R-P. 141535. 

^ Brand and Eisenmenger, J, Chem.., 1913, [ii], 87, 487. 

« E. P. 15420of 1907 : D. R-P. 204653; P. P. 380175. 

» D. R-P. 216246. B. R-P. 225245. 

D. R-P. 228722. B. R-P. 245081. 



94 


THE DIAZO-COMPOUNDS 


Azobenzene is also formed in the process and the composition 
of the product is determined by the conditions of the reaction. 

Further, azoxy-compounds are obtained by oxidising amino- 
nnd azo-compounds with alkaline potassium permanganate 
or ferric 3 ^anide and bj^ the oxidation of /S-phenjdhj^droxjd- 
amine, C^jH-, NH.OH, in the air. 

When azobenzene is oxidised with hydrogen peroxide in 
glacial acetic acid solution, azoxybenzene is formed, and on 
appljdng this reaction to asymmetrically constituted azo- 
benzenes it was found that two isomeric azoxybenzenes, 
differing not only in their phj^sical but also in their chemical 
properties, were produced.- The older symmetrical ibrmula for 
azox^ffjenzene (I) must now therefore be rejected in favour of 
the unsjnninetrical formula (II). 


\/ 

O 

(I) 


C,,H,.N:N.CoH,, 

o 

(II) 


This constitution is stronglj^ confirmed by independent 
work/ and it sliould be noted that when nitrosobcnzenc is 
reduced b}^ means of aqueous-alcoholic sodium hydroxide 
a small amount of a pliysical isomeride, 7’60“azox3d)cnzene 
(melting at 84°), is formed along with the knowm azox^^- 
compound. Similarl}’' o-nitrosotolueno gives o-'isu-azoxy- 
toluened 

Azox^^-coinpounds are also foinned by condensing an amine 
with a nitro-compound (belonging either to the aromatic or 
aliphatic series) ^ or hj^ digesting a mixture of a nitro-C(jmpound 
and a hj^drazo-derivative.® In tliis i^eaction a mixture of azo- 
and azoxj^-compound is obtained. 


1 Compare Reitzeiistein, J. pr. Clwm.,, 1910, [ii], 82, 252: Reitzenatein 
and Fitzgerald, ihicl., 1914, [iij, 89, 271. 

Angeli, A.tti H. Acccid^ Liiicei^ 1910, [v], 19, i, 793; Angeli and Ales- 
pndri, ^5?^., 1911, [vl, 20, i, 896 ; ii, 170 ; Angeli and Valori, ibid., 1912, 

9^9 i III’ 1913, [vl 22, i, 201, 

282; 1914, [v|, 23, i, 557; Gazzetta, 1916, 46, ii, 67. 

^ Mrs. G. M. Robinson, lYans., 1917, 111, 109; Arndt and Rosenau, 
Be}\, 1917, 50, 1248 
I Heissert, Ber., 1909, 42, 1364. 

■; Angeli and Marcbetti, Atti B. Accad. LinceL 1906, M, 15, i, 480 
D. R-P. 197714. 
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By treatment with energetic reducing agents, azoxy-com- 
pounds yield products of various degrees of reduction; tlius 
with iron filings azo-eompoiinds are formed, with ammonium 
sulphide, hydrazo-compounds, and, finally, acid reducing agents 
furnish amino-compounds; the acid used in the latter case 
obviously serves to bring about a molecula]" change in the 
hydrazo-compound first formed. 

Electrolytic reduction of azoxy-compoundsfurnisliesliydrazo- 
compounds.'^ 

The simplest member of the series, azoxybenzene, is pre¬ 
pared as follows: Ten parts of sodium are dissolved in 100 
parts of methyl alcohol, 15 parts of nitrobenzene added, and 
tlie whole heated for 3 hours on a boiling-water bath in an 
apparatus connected with an inverted condenser. The alcohol 
is tlien distilled off, tlie residue of sodium formate and azoxy¬ 
benzene extracted with water, and the azox 3 djenzene allowed 
to ciystallise out; the yield is about 90 to 92 per cent, of the 
theoretical.^ Azox^djenzene is insoluble in water, but er 3 ^stal- 
lises from alcohol in long, yellow, rhoml)ic needles melting at 
36°. On iieating with concentrated sulpliuric acid it undergoes 
isomeric change and is converted into hydroxyazobenzene— 

N 0,H- 

0:N,C,H, N.C,PI,.OH'> 

Many azoxy-eompounds, such as a^zoxybenzene, etli^d p- 
azoxj^cinnamate, ^^-azoxyanisole, ji;-azoxj7-pli0netole, &c., form 
anisotropic liquids ('liquid crystals'). 

Tlie absorption spectra of azoxybenzene, ^^-azoxjT-anisole, and 
_ 2 ‘J-azox 3 ^phenetole have been measured.'^ 

§ 2. Azo-compounds. —As already indicated, these are obtained 
by tlie reduction of nitro- or azoxy-compounds. The reducing 
agents used are, in the case of nitro-compounds, (1) zinc dust 
and alcoholic potassium liydroxide ; (2) sodium amalgam and 

1 D. R-P. 264013. 

Be)\, 1882,16, 865 ; 1883, 16, 81; compare Lachnian, J Amer. Chem. 
Soc., 1902, 24, 1178. 

^ Ber,, 1880,13, 525 ; Annalen, 1882, 215, 218. 

Parvis, Trans., 1914, 106, 590; 1915, 107, 664. 
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alcohol ; (3) staiiiious chloride dissolved in sodium hydroxide, 
and, ill the case of azoxy-compoiinds, ii'on filings (p. 95). 

Other methods of formation are: (1) by the oxidation of 
hydrazo- or amiiio-componnds bj^ potassium permanganate in 
alkaline solution‘s or by potassium ferricyanide, or by the 
action of nitrous anhj^dride on an ethereal solution of such 
compounds as a-benzoyl-^-plienylhydrazine; ^ (2) by the inter¬ 
action of nitrosobenzene and aniline, 

CcH,. NO H- NH,. C.-R, = . C,H, + H^O,^ 

of nitrosobenzene and phenylhydrazine,'^ or of nitrosobenzene 
and s-diphenylhydrazine.''^ Azobenzene is also formed when 
X^henylhydrazine is treated with bleaching joowder solution,^ or 
when diazo-compounds are treated with the same reagent; thus 
diazotised sulxolianilic acid yields 2: 2'-dinitroazobenzene-4 :4/- 
disnlphonic acid, S 03 H.OoH 3 (N 02 ).N : N. 0 ,H 3 (N 02 ).S 03 H; 
some 4:6-dichloro-2-nitroaniline is formed at the same time, 
and this substance is also x)roduced when diazobenzene chloride 
is treated with bleaching x)owder. aa-Azonaj)hthalene is 
obtained by treating diazotised a-nax)ht]iylamine with sodium 
suljihite solution.'^ 

Azoacyl compounds of the type, RCO.N: N.CO.R (R = li, 
CH 3 ,CH(C 2 H,) 2 ,C,H 3 ,C,H,C 1 , and a-CjoH,), arc formed by 
the action of iodine or bromine in ethereal solution on the 
silver or mercury salts of s-diacylhydrazides, 

R.CO.NH.NH.CO.E.S 

Electrolytic reduction of an alkaline susjiension of nitro¬ 
benzene also gives azobenzene.^ 

When the sodium 2so-diazo-oxide derived from diazosul- 
X)hanilie acid is used, tlie calcium salt of p-nitroaminobenzene- 
sulphonic acid, NO^. NH.CcH^ . SOgbl, is formed.'^^ 

^ Annalen, 1867, 142, 364. 

2 Ponzio and Cliarrier, Aiti Accad. Scl. Torhw, 1909, 44, 295. 

" Baeyer, Ber., 1874, 7, 1638 ; Oamboiger, Ber.y 1893, 26, 473, 483. 

^ Mills, Trans,, 1895, 67, 925. 

Bamberger, Ber., 1900, S3, 3508. 

« Ber., 1897, 30, 284. 

^ Lange, L. E-P. 78225. 

« Stolle, Ber,, 1912, 45, 273. 

« D. R-P. 127727. 

Ziiicko, B(n\, 1895, 28, 2948 ; Zincke and Kucbonbecker, Annalen, 
1903, 330, 1 ; pee also Lenz, Annalon, 1903, 330, 370. 
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An interesting synthetic method for the production of these 

substances is that due to Meldola ; ^ trinitroacetylamiiiophenol 
is condensed with phenylhydrazine, forming a liydrazo-com- 
pound which passes by oxidation into the azo-compound thus- 
NO, N,.C,H, 

oh/ NlSrH.CO.OH3 
~HO, 

The azo-compounds are usually strongly coloured owing to 
the presence of the chromophoric group .N: N.^ They nrc 
readily acted on by sulphuric or nitric acids, chlorine, &c. 

x4 zobenzene ^ is prepared from azoxybenzene by distilling 
mixture of one part of the latter with three parts of iron filing^"^ 
from a small retort. Care must be taken that the inatoriuhs 
are quite dry. The reddish distillate is crystallised IToin 
light petroleum and forms red plates melting at 68° and boil¬ 
ing at 293°. 

On reduction with sodium hyposulphite azobenzene given 
a quantitative yield of hydrazobenzeiie.'*^ 

Azobenzeue form.s an unstable nitrate;^ 

Cells. N,,0,H,,HN0„ 

and absorl)s two molecules of hydrogen chloride at tln.‘. 
ordinary temperature.^ 

Measurements of its absorption spectrum have been recorded,'^ 
as also of its 3nolecular refraction.^ 

Complex azo-compounds are also obtained by treating diaKO- 
salts with potassium ferrocyaiiide(see p. 72). 

1 Trans., 1906, 89,1043. 

^ See, however, Baly and Tuck, Trans., 1906, 89, 982. 

^ C. V. Gortner and R. A. Gortnor’s supposed isomeric form of azoben- 
Konc (,/. Amer. Chem. Soo., 1910, 32, 1294) has been shown by Hartley and 
Stuart {Trans., 1914, 105, 309) to bo a mixed crystal of azobenzene and 
azoxybenzene. 

Grandmougin, Ber., 1906, 39, 2494 ; compare Franzen and Stieldorf, 
J. j)/% Chem., 1907, [ii], 76, 467 ; 0. Fischer, Fritzen, and Eilies, ibid., 
1909, [ii], 79, 562. 

Korczyiiski, Ber., 1908, 41, 4379; compare Vorlander and Tubandt, 
ibid., 1904, 37, 1644. Reddelien, J. pr. Chem., 1915, [ii], 91, 213. 

Crymble, Stewart, and Wright, Ber., 1910, 43, 1188; Gorke, Kbppe, 
and Staiger, ibid., 1908, 41, 1156 ; Hantzscli, ibid., 1909, 42, 2129 ; Tar- 
vis, Trans., 1914, 106,590; Kehrmann, Rer., 1915, 48, 1933; Kehrmaiin 
and Hempel, ihid., 1917, 60, 856. 

^ Duval, Compt. rend., 1911,163, 874. 

^ Griess, Annalen, 1866, 137, 39; Ber., 1876, 9, 132; Ehrenpreis, Bull. 
Acad. ScL Cracow, 1906, 265. 

H 
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§ 3. Aminoazo-compoxinds. —These are formed by the follow¬ 
ing reactions: ^ 

(1) Intramolecular rearrangement of diazoamines — 

C.B ,. N,. NH.CeH, = . N,. . NH,. 

( 2 ) Reduction of ^^-nitroazo-derivatives by an alkaline 
sulphide.^ 

(3) Combination of a diazotised monoacetyldiaminc with 
an amine or phenol and subsequent hydrolysis of the acetyl 
derivative/" 

(4) The action of nitrosobenzene on monoacetyldianiines 
and hydrolysis of the acetyl derivative.^ 

(5) The alkaline reduction of nitroamines.^ 

( 6 ) Combination of a monodiazo-chromate, prepared from 
a diamine by diazotising only one amino-group and precipi¬ 
tating with sodium dichromate, with an amine or phenol.^ 

(7) Interaction of certain amines (the naphthylamines and 
2 :4-tolylenediamine, for example) and the para-diazoimides.'^ 

The usual method of preparation, however, is to allow a 
diazo-salt to react with an amine in presence of sodium acetate ; 
thus diazobenzene chloride unites with a solution of a-naphthyl- 
amine hydrochloride to form benzeneazo-ct-naphthylamine— 

CcH-. M -h C,oH,. NH,, HCl + 2C2H302Na 

= CeH,. . OioHe. N + 2KaCl + 2 O 2 PI 4 O,. 

It is a fairly general rule that the diazo-group enters the 
aminic nucleus in the para-position with respect to the amino- 
group when this is unoccupied, but otherwise it enters the 
ortho-position. 

When the amino-group is doubly substituted (as in the case, 
for instance, of dimetliyl-p-toluidine) diazotised sulphanilic 
acid does not form an azo-compound, and in the case of 

^ Meldola and Eynon, Trans., 1905, 87, 1. 

^ Meldola, Trans.^ 1883, 43, 425. 

Kiefezki, Ber., 1884,17, 343. 

^ Mills, Trans., 1895, 67, 928. 

^ Haarkatis, Annalen, 1865,135, 164 ; Mixter, Amer. Cliem. J., 1883, 5, 
283; NietzH, Ber., 1884, 17, 345; Graff, Annalen, 1885, 229 , 341 ; 
Noelting and Binder, Ber,, 1887, 20,3016 ; Meklola and Andrews, Trans., 
1896, 69, 10 ; Noelting and Fonrneaux, Ber., 1897, 30, 2938. 

® Meldola and Eynon, loc. cit. 

Morgan and Micklethwait, Trans., 1907, 91, 1512. 
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2 >climethylamiiiobenzoic acid the carboxyl group is eliminated 
and helianthin is produced^ 

In the following formulae the position of the entering diazo¬ 
group is shown by the asterisk: 


NH, 



NIU 

% 




NH„ 



80 ,H 


NH., 



SO,H 


! I 

\/^v/ 


In tlie case of diamines combination only takes p)lace wiUi 
tlie meta-derivative; thus ni-phenylcnedia mine and ni-tolyler.e- 
diamine 


NH, 



CH3 

/Nnh„ 


\/ 

NH^ 


form azo-dyes, the diazo-group entering the para-position 
with respect to an amino-group. It is even possible i:or a 
second diazo-complex to combine at the carbon atom between 
the amino-groups. The question of the influence of substitu¬ 
tion in such diamines on the formation of aminoazo-compounds 
has been made the subject of comprehensive researches by 
Morgan, who has arrived at the following conclusions: ^ 

(1) The mono-substituted meta-diamines and the di-substi- 
tuted meta-diamines, containing one free para-position with 


^ Scliarwin and KaljanofF, Pen, 1908, 41, 2056. Tlie carboxyl groups 
of p-hydroxybenzoic acid and 2-na23ht]iol“l-carboxylic acid are similarly 
eliminated by treatment with diazobenzene chloride or diazotised sul- 
phanilic acid (Limpricht, Annalen^ 1891, 263, 224; Kostanecki and Zibell, 
Bew^ 1891, 24, 1695), although a small amount of henzeneazo-^j-hydroxy- 
benzoic acid has been isolated in the former case (Grandmougin and Frei- 
mann, Per., 1907,40, 3453; see also Noelting and Grandmougin, Pe/'., 
1891,24,1601; Grandmougin, Guisan, and Ekeimann, ihid,, 1907, 40, 
3450 ; Lwoff, 1908, 41, 1096 ; Grandmougin, 1403). 

2 Tmns., 1907, 91, 370. 

H 2 
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respect to an aminO'groupj react readily with diazo-salts 
to furnish para-aminoazo-dyeS;^ and this reaction takes 
place with equal readiness both with the primary nieta- 
diamines of this type and with their completely alkylated 
derivatives.^ 

(2) The di-para-suhstituted primary meta-diamines 

NH^ 

x/ NnHs 
^- Y 

react with diazo-salts to form ortho-aminoazo-derivatives, but 
the reaction takes place much less readily than with those 
diamines having one free para-position, and the yield of azo¬ 
product is frequently very small.^ 

(3) The nature of the substituents X and Y exerts >soine 
influence on the course of the azo-condensation, for when they 
are methyl groups the base (4:6-diamino-97i-xylene) reacts 
with diazotised aniline and its homologues, but when both 
substituents are halogen atoms (chlorine, bromine, or iodine) 
the condensation does not occur with these simple diazo-salts, 
but only with those derived from the nitroanilines. When only 
one methyl group is replaced by chlorine or bromine, reaction 
with diazotised aniline and 2 >toluidine still occurs, but the 
yield of o-aminoazo-derivative is extremely sinall^ 

(4) The presence of a nitro-group in one of the two 
substituted para-positions facilitates the azo-condensation, 
particularly when the diazo-salt also contains a substituent 
nitro-group.^ 

(5) The progressive alkylation of the di-para-substituted 
meta-diamines rapidly reduces their capacity for forming 
azo-derivatives. The symmetrically and unsymmctrically 
dimethylated diamines give mixtures of diazoamines and 
aminoazo-compounds,'^ whilst the trimethylated diamines 
readily furnish diazoamines and show scarcely any tendency 

^ Tntns., 1900, 77, 1205 ; 1902, 81, 89. 

- Tran^., 1902, 81, 656. 

» Tram., 1902, 81, 1379 ; 1905, 87, 935. 

^ Tram., 1902, 81, 1379; 1905, 87, 937. 

^ Trans., 1905, 87, 940. 

« Trans., 1905, 87, 946 ; 1906, 89, 1057; 1907, 91, 368. 
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to form azo-derivatives. Finally, the interaction of the 
di-para-substituted ')7i-diamines and diazo-salts is entirely 
prevented by the complete alkylation of these basesd 

The aminoazo-compounds are usually crystalline and soluble 
in alcohol. They are yellow to red or brown in colour, and 
many of them are used as dyes. 

Measurements have been made of their absorption spectra.- 

The simplest member, p-aminoazobenzene, was introduced 
into commerce in 1863 by Simpson, Maule, and Nicholson 
under the name of ' aniline yellow ’; at the present day it is 
only used as an intermediate product for the manufacture of 
induline, &c.,''^ but its sulphonic acids find extensive application 
as ‘ fast yellow 

o-Aminoazobenzene has been prepared by condensing ben- 
zoyl-o-phenylenediamine and nitrosobenzene and hydrolysing 
the o-benzoylaminoazobenzene thus produced.^ 

§ 4. Hydroxyazo-compounds.—These are obtained by the 
action of a diazo-salt on phenols ^ and their derivatives in 
alkaline solution,® thus— 

C,H,. N^Cl + CoH,. OH = , N^. . OPI + HCl. 

The same rules apply here with regard to the position 
taken by the diazo-complex as in the case of the aminoazo- 

^ Tni'iis,^ 1902, 81 , 656. For the inecliaiiism of the formation of 
aminoazo- and hydroxyazo-compounds see Charrier, Gazzetta^ 1914, 44, 
ii, 503; Auwers and Michaelis, 1914, 47, 1275; K. H. Meyei, 
Irscliick, and Schlosser, 1741; Diinroth, Leichtlin, and Friedemann, 
■UM., 1917, 50, 1534. 

^ Hantzsch, Ber.y 1913, 46, 1537 ; Purvis, Trans,^ 1914, 105, 590; 
Kehrmann and Hempel, Ber., 1917, 50, 856. For work on the sails of 
aminoazo-compounds see Thiele, Ber.^ 1903, 36, 3965; Hantzsch and 
Hilscher, ibid., 1908, 41, 1171, 1187, 2435; Hewitt, Analyst, 1908,33, 
85 ; Ber,, 1908, 41, 1986 ; Hantzsch, Ber,, 1909, 42,2129 ; 1919, 52, 520; 
Korczyhski, ibid., 1908, 41, 4379. 

Compare Paul, Zeitsch. ange.w. Cliem., 1896, 9, 689 ; Jansen, ZeiisclL 
Farb.-Ind., 1913,12, 197. 

F. H. Witt, Ber., 1912, 45, 2380. 

Compare Orton and Everatt, Trans., 1908, 93, 1010. Hydroxyazo- 
coinpounds obtained from pyrazolones, &c., are outside the scope of this 
work. 

In acid solution, diphenyl ether is produced, 

C«H,. Na, SO^H + C,H,. OH = (CoHrAO -t H^SO^ + N, 
(Hofraeister, Annalen, 1871, 159, 191), to the extent 'of a 4 per cent, 
yield. 
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compounds^ namely, that the para-position to the hydroxyl 
group, if free, is occupied. Otherwise the ortho-position is 
taken. In the c:ise of ^-naphthol, the diazo-group enters 
the a-position. 

It has been found, however, tliat by the action of diazo¬ 
benzene or p-diazotoluene on phenol, small amounts of the 
corresponding o-hydroxyazo-compounds are formed/ and by 
coupling p-bromodiazobenzene chloride witli 2 ^-iiil^^ophGi^ol 
a colourless substance, to which is attributed the formula 
C,.H4Br.lSr:]Sf.0.GcH4.N02, is obtained. This, on heating, 
yields the more stable compound 


GoH.Br.N: ’N.C.R, (OHj.NO^/ 

but it has been suggested that such unstable 0-azo-compounds 
are really diazo-salts.''^ 

With two molecules of a diazo-compound, the bisazo- 
derivative (I) is formed, and with three molecules the trisazo- 
compouiid (II)— 

OH OH 


\/ 

\/ 

N,R 

to 

(I) 

(II) 

a-Naphthol yields with one 

molecule of a 

the monoazo-compound (III), 

and with two 

bis azo-compound (IV)— 

OH 

OH 

/\/\ 



\A/ 



(III) 

(IV) 

^ Bamberger, Ber,, 1900, 83, 3188. 

“ Dimroth and Hartmann, Ber.^ 1908, 41, 4012. 

^ Auwers, ibicl.t 1908, 41, 4304. 


molecules the 


Grandmougin and Preiniann, Ber., 1907,40,2662 ; Heller and Notzel, 
J. CJiem., 1907, [ii], 76, 58; Heller, 1908, [ii], 77, 189; 1910, 
[iij, 81, 184. When diazobenzene chloride is decomposed by sodium 
hydroxide under certain conditions all three azo-coinpounds are formed 
(Heller, Chem. Zeit, 1907, 31, 923). 
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Resorcinol, like phenol and 'in-phenylenediainine, can also 
combine with tAvo molecules of a diazo-compound ; thus AAdth 
one molecule it yields 


OH 



Avith two 


OH 


/\ 





and with three 


OH 

N^Bi-^NNaRi 

OH 


N,R 


For a more detailed description of the amino- and li57droxy- 
azo-dyes a larger work must be consulted.^ 


§ 5. Rate of formation of amino- and hydroxy-azo-com- 
ponnds. —This has been measured by Goldschmidt and his 
pupils. The case of the formation of methyl-orange from 
^-diazobenzenesulphonic acid and dimethylaniline hydro¬ 
chloride was studied first, the method of procedure being to 
withdraw samples of the mixture at given periods of time, 
and after acidifying, to determine the quantity of diazo- 
compound present by measuring the nitrogen evolved on 
boiling. 

Tlie conclusions arrived at were: (1) In the combination of 
tlio hydrochloride of a tertiary amine with diazobenzene- 
sulphonic acid, it is the base liberated from the hydrochloride 
by liydrolysis that acts with the diazo-compound. (2) Excess 
ol: hydrochloric acid retards the combination. (3) The con¬ 
centration of the hydrochloride or of the diazo-compound 
has no influence on the reaction. (4) The combination pro¬ 
ceeds at the same rate wlien other acids of the same strength 
are used (hydrobromic, nitric, &c.), but much more quickly 
when weak acids such as acetic, the chloroacetic acids, formic, 
propionic, laevulie, or lactic acids are employed. Investiga¬ 
tions were also made as to the influence of the base used; 
comparisons of the velocity of formation of tlie azo-compound 
between dimethyl-, diethyl-, and dipropyl-aniline show tliat 

^ Onicloff and Ray, Ber.^ 1907, 40, 3211. 

2 Q , ^ azoTgiios^ 1389; Biilo-w, Chemische Tcclinologie 

dcr.l. !' ■ ■ !■■■■■. ; Syniltese der Azo-Farhstoffe, 1904:; Colm^ 

Bh xylO; Cain and Thorpe, Synllietic Dyestuffs, 4th ed., 

1918, p. 49.‘ 
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the replacement of methyl by ethyl lowers, and that of ethyl 
by propyl increases, the velocity. Dimethyl- and diethyl-m- 
tolnidine combine more rapidly, and dimethyl- and diethyl- 
m-chloroanilines more slowly, than the corresponding nn- 
snbstitiited compounds. In the formation of hydroxyazo- 
compounds from phenols and diazo-salts in alkaline solution 
the active agents are the free phenol liberated by the hydro¬ 
lytic action of the water on the alkali salt and tlie syn- 
diazo-conipouncl (for an explanation of this see p. 145). An 
excess of alkali retards the combination, and the more con¬ 
centrated the solution of the phenol and diazo-salt the more 
time is requmed for the combination. Similar results were 
obtained when sodium diazo-oxide (see p. 115) was used instead 
of the diazo-salt. 

Measurements of the heat of formation of amino- and 
hydroxy-azo-compounds have been made by Sventoslavsky.’- 

§ 6- Constitution of the liydroxyazo-compounds. — The 

earlier assumptions that the hydroxyazo-compounds possessed 
the formula R.K: N.R.OH were somewhat shaken by the 
discovery that, by the action of phenylhydrazine on a- and 
/3-naphthaquinones, compounds resulted which were identical 
with those obtained by treating a- and /3-naphthol with diazo- 
salts,^ and it was found that phenylhydrazine and bcnzo- 
quinoneoxime yielded a condensation product wliicli was 
identical with p-hydroxyazobenzene, thus— 

C„H,. . C,-E ,. OH . NH.N: C«H,: O 

^-Hydroxyazobeiizene. Benzoquinorieplieiiylhyclrazone.^ 

^ J. Muss. Phijs, Chern. Soc., 1909, 41, 925 : Per., 1910, 43, 1479, USS : 
1911,44,2429,2437. 

^ Zincte, Bef\j 1884,17, 3026 ‘ 1887, 20, 3171; compare also Lieber- 
inann, Per,, 1883,16, 2858. 

® j?j-Quinones and semicarbazide hydrochloride give, not semicarbazones, 
but hydroxyazo-derivatives (Heilbron and Henderson, 7Va^?s., 1913, 103, 
1404), and substituted benzoquinonephenylhydrazones, when shaken in 
ethereal solution with iDOtassium hydroxide, are converted into hydi^oxy- 
azo-compounds, thus: 

_^N,C0.C„H,).N:<^ Vq 

\o.CO.C„T-I, 

(Willstiltter and Veraguth, Per., 1907, 40, 1432). 
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The question was attacked for many years chiefly from the 
purely chemical side. Goldschmidt and his pupils/ McPher¬ 
son/ and Hewitt/ expressed the opinion that para-hydroxy- 
azo-compounds were true phenols, and ortho-compounds 
quinones, whilst Jacobson,^ Meldola,^ and Nietzki and 
Kostanecki ° adhered to the view that both series of com¬ 
pounds possessed the phenolic constitution. 

On the other hand, Farmer and Hantzsch,'^ from determina¬ 
tions of electrical conductivity, and Mohlau and Kegel,® from 
the reactions with carbinols, expressed the opinion that both 
ortho- and para-liydroxyazo-compounds in the free state were 
really quinones, the metallic salts, however, being phenolic in 
character. 

The views generally held about this time, therefore (1900- 
1903), were that the metallic salts and alkyl ethers of all 
hydroxyazo-compounds, as well as the acyl derivatives of 
2 ->hydroxyazo-compounds, were true azo- (phenolic) com¬ 
pounds. 

It was considered, further, that the free ortho-compounds 
were quinonoid in constitution, as were also the acid additive 
products of both series of compounds, for example— 

RNH.N:CIi:0 

/\ 

H 01 

Opinions as to tlic constitution of the free para-liydrox}^- 
compounds were, however, divided, as has been shown. 

From this period onwards a number of researches rather 
tend to show that the phenolic constitution for botli the free 
ortlio- and para-compounds is to be adopted. 

Thus the properties of m-hydroxyazophenol were found by 
Jacobson and Honigsberger to agree closely with those of the 

1 Ber., 1890, 23, 487 ; 1891, 24, 2300; 1892, 25, 1324. 

2 Ber., 1895, 28, 2414; Amer. Chem. J,, 1899, 22, 364; Auwers, Ber., 
1896, 29, 2361; 1900, 33, 1302. 

3 Trans., 1900, 77, 99, 712. 

^ Ber., 1888, 21, 414. 

Trans., 1888, 63, 460 ; 1889, 66, 114, 603; 1891, 69, 710 ; 1893, 63, 
923 ; 1894, 65, 834. 

« Ber, 1890, 23, 3263 ; 1891, 24,1592, 3977. 

- Ber., 1899, 32, 3089. 

« Ber., 1900, 33, 2858. 
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para-derivative,^ and these chemists concluded that the free 
para-compounds^ as well as their additive compounds with 
acids, were to be regarded as azo (phenolic) in constitution. 

This view was confiiined by the researches of Borsche,^ and 
Goldschmidt and Low-Beer ^ sliowed that the earlier opinion 
of Goldschmidt as to the quinonoid character of the ortho¬ 
compounds had been based on incorrect data, and concluded 
that all liydroxyazo-compounds possessed the azo (phenolic) 
structure. 

Most of the later work has confirmed this conclusion,'^ wliilst 
it is considered ^ that the hydrochlorides have the constitution, 
for example, 

C„H,.NH.N:0,A = 0<ci 


§ 7- Mixed azo-compounds.— These are represented by the 
general formula A.N: N.B, where A is an aliphatic and B an 
aromatic group. 

The simplest member of tliis class, namely, benzeneazo- 
methane, is best prepared by treating plienylliydrazine witli 
formaldehyde.^' It is a j^ellow, volatile oil, boiling and decom¬ 
posing at ] 50°. 

The first representative of this class, however, prepared 


^ Ber., 1903, 36, 4093, 

2 Annalen, 1904, 334, 143; 1905, 340,85; 1906,343,176; 1907,367, 
171. 

Bcr., 1905, 38, 1098. 

Hewitt and Mitchell, Proc., 1905, 21, 20B; Mitchell, Trans,, 1905, 
S7,1229 ; Willstiltter and Veraguth, Ber>, 1907, 40, 1432 ; Auwers, Ber., 

1907, 40, 2154; Annalen, 1908, 360, 11; Auwers and Eisenlohr, Ber,, 

1908, 41, 415 ; Hantzschand QIoyQ v,ihicL, 1906, 39,4153 ; Gorke, Koppe, 
nnd Staiger, ihkl, 1908, 41, 1156 ; Tuck, Trans,, 1907, 91, 449 ; 1909, 
95, 1809 ; Hewitt and Mitchell, ibid., 1907, 91, 1251; Smith and Mitchell, 
ihul, 1908, 93, 842; Mitchell and Smith, iWd, 1909, 95,1430 ; Hantzsch, 
Ber., 1909, 42, 2129 ; Baly, Tuck, and Marsdeii, Trans., 1910, 97, 1494; 
Charrier and Ferreri, Atii B. Accad. Sci. Torino, 1912, 47, 811 ; McPher¬ 
son and Stratton, Jl Amer. Cliem. Soc., 1915, 37, 906 ; Sircar, Trans., 
1916, 109, 757; Kaufler and Suchannek, Ber., 1907, 40, 518; K. H. 
Meyer and Zahn, Annalen, 1913, 396, 152; Charrier, Gassetta, 1915, 45, 
i, 502. 

^ Fox and Hewitt, Trans., 1908, 93, 333; compare Hewitt and W. 
Thomas, ibid., 1909, 95, 1292; Hewitt, Mann, and Pope, ibid,,1^14:, 106, 
2193 ; Koixzyiiski, Ber,, 1908, 41, 437A 
'' Baly and Tuck, Trans., 1906, 89, 986 ; see also Tafel, Ber., 1885,18, 
1742. 
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directly from a diazo-compomid waw obtained by V. Meyer 
and Ambiilil; ^ by the action of diazobenzene nitrate on Rodiurn 
nitroethane they prepared benzeneazonitroethane— 

CeH,.N,.C,H,.NO,. 

Tliis is probabl}^ not a true azo-compound, but a hydrazone 
derivative having the constitution— 

OA.N.HiC^Hg.NO,. 

Shortly afterwards Friese ^ described benzeneazonitro- 
inethane as being obtained by treating sodium nitromethane 
with diazobenzene nitrate, but Bamberger lias shown that 
Friese’s compound was nitroformazyl, produced according to 
the equation 

OH3 . NO3 + . N3 . OH = NO,. 

This behaviour of nitromethane is exceptional, as formazyl 
derivatives are not produced with the higher homologues of 
nitromethane; under certain conditions, however, the simple 
compound nitroformaldehydephenyDiydrazone, 
NO^.CHrN^H.CcPI,, 

is obtained.^ 

By the action of diazo-salts on the sodium derivative of 
acetoacetic ester V. Meyer obtained a compound which was 
first considered to be a true mixed azo-compound, thus— 

CH 3 , CO.CHiCOaEt). 

but later lie considered that, owing to its supposed insolubility 
in alkali, the substance possessed a hydrazone structure— 

CH. 3 . CO.C(CO,Et): N.NH.CcH,.^ 

He adhered to this opinion, altliough he found that the com¬ 
pound was really soluble in alkali.^^ Kjellin also adopted 
tliis view, and noticed that apparently two isomeric condensa- 

1 i?er., 1875, 8, 751, 1053. 

2 J^er., 1875, 8,1078. 

Ber.y 1894, 27,155 ; 1900, 33, 2043 ; compare also Odclo and Ampola, 
Ga;:zelta^ 1893, 23, i, 257, /3-naplitliylazoiiitroethane. 

Ber., 1876, 9, 384; 1878,11, 1418; 1884,17, 1928. 

” Ber,, 1888, 21, 12. 

« Ber,, 1888, 21, 2121 . 
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tion products were formed; these he considered to be stereo- 
isomeric hydrazoueSj thu>s— 

CHg. CO.C.CO^Et CH 3 . CO.C.CO,Et 

II ' 11 ' 

CoH,.NH.N N.NH.C„H 3 i 

BiiloWj however, showed that not only was the compound 
very readily soluble in alkali, but that it could not be acetyl- 
ated and was not acted on by benzoyl chloride or methyl 
iodide, so that the original theory of V. Meyer was correct, and 
the compound must be regarded as the true azo-derivative 

CH 3 . C 0 .CH(C 02 Et).N: 

Billow obtained the same compound from diazobonzene 
chloride and sodium benzene-iso-diazo-oxide.^ 

By the action of a diazo-salt on the sodium dcidvative of 
ethyl methylacetoacetate, the acetyl group is eliminated and 
the compound was written CH 3 . CH(C 02 Et).N: the 

corresponding acid being CH 3 . CH(C 02 H).N 2 . OgH^. This, 
however, was found to be identical witli the condensation 
. product formed by the action of phenylhydrazine on pyro- 
racemic acid, CH 3 . C(C 02 H): N.NH.Cgli,.^ 

In order to decide which of these formulae was correct 
Japp and Klingemann ^ treated the so-called benzeneazo- 
acetone 

CHg.CO.CHs-N^.OgH, or CHs.CO.OHiN.NbLOgH, 
with sodium ethoxide and ethyl chloroacetate, and reduced 
the eorresj)onding acid. The substance obtained was auilino- 
acetic acid, xunving that the . CHg. COgH group had combined 
with the nitrogen atom attached to the plienyl group. Tlie 
second formula for benzeneazoacetone is therefore the correct 
one, and the compound is really a monohydrazonc of X) 3 ^rnv- 
aldehyde. This was also confirmed by the fact that it yields 
an osazone with phenylhydrazine. 

^ Ber,, 1897, 30, 1965 ; compare also Favrel, Compt, ranch, 1901, 132, 
983; 1898,127, 116. > ’ 5 

2 Bar., 1899, 32, 197. 

^ Bar., 1898, 31, 3122. 

Japp and Klingemann, Bar., 1887, 20, 2942, 8284, 3398. 

^ E. Fiseker and Jourdan, 1883,16, 2241. 

" Trans., 1888, 63, 521, 538. 
y. Me 3 Ter and Miinzer, Bar., 1878,11, 1417. 
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This conclusion is, however, not to be ajpplied universally, 
I'or when diazobenzene chloride acts on the sodium derivative 
of acetoacotaldehyde, benzeneazoacetaldehyde, 

CH3. CO.OH(CHO).N3 . C0H5, 

is formed, and this, with phenylhydrazine, yields the corre¬ 
sponding hydrazone— 

CH 3 . OO.CH(CH: N.NH.C 3 H 5 ).N 2 . 

When diazobenzene chloride acts on acetonedicarboxylic 
acid ill presence of sodium acetate, the bishydrazone of 
mcsoxalaldehyde, is obtained.^ If, 

however, the ethyl ester of acetonedicarboxylic acid is sub¬ 
jected to the action of ^ 3 -nitrodiazobenzene, a compound is 
olitaincd which reacts partly as a hydrazone and partly as an 
azo-derivative. This is therefore to be regarded as contain¬ 
ing a labile hydrogen atom, indicated by an asterisk in the 
formula— 


NO,.C6H,.N.N.O.CO,Et 

CO.CH^.CO^Et.^ 

In tlic case o£ a hydrazone such as the above, in which the 
group O^Hj. NH.N; C: is combined wth H, COgH, or COR. 
each of the latter groups can be replaced by the action of 
diazobenzeuo in alkaline or acetic acid solution. Thus, by 
the action of diazobenzene on inalonie ester, V. Meyer and 
Mlinzor'^ also obtained a condensation in-oduct wliicli they 


regarded as 


laifc which is now 
inalonie ester— 


C.H..N:N.CH<gg| 

considered to he the phenylhydrazone of 

C.H,.NH,N:0<gg>®. 


1 Claiscn and Beyer, Ber., 1888, 21, 1697; compare also Ber., 1892, 
J.^Pechmann and Jeniscli, Ber., 1891, 24, 8255; v. Pechmann and 

1901, 34, 71; * 1,0 B.low and 

Hailer, Ber.^ 1902, 35, 915. 

» Compare also Pavrel, Compi. rend., 1899,128, 829 ; 1901,132, 1836. 
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If the acid itself is used, fonuazylcarboxylic acid and formazyl 
result ^— 

. NH.N: 0 /^ 5 ’0„Hg. NH.N: 

Formazylcarboxylic acid, Formazyl. 

The latter is also formed l^y the action of diazobenzonc on 
the ethyl hydrogen salt of phenylhydrazonemalonic acid. 

By the further action of diazobenzene on formazyl, or its 
carboxylic acid, formazylazobenzene 

0,H.-NH.N.C<g-g;| 

is obtained, as well as by allowing diazobenzene and acet¬ 
aldehyde to interact in alkaline solution.^ 

These compounds are usually dark red, crystalline sub¬ 
stances, and on reduction they give colourless hydrazones.^ 
Formazylcarboxylic acid is also obtained by the action of 
diazobenzene on ethyl acetoacetate under certain conditions; 
the first product of the reaction being the hydrazone — 


C,H,.NH.N:0 


/CO.OH 3 

XOO^Et*^ 


By the action of diazobenzene on ethyl oxalacetate the 
hydrazone, GqH^ . NH.N : C (C 02 Et). 00 . 002 Et, is first formed, 
and with a further molecule of diazobenzene, ethyl di- 
phenylformazylformate, . N : N.C(N.NH. 0 (jHg).CO 2 Et, is 
produced.^ 

Further confirmation of the hydrazone constitution of such 
condensation products is afforded by the action of diazo¬ 
benzene on ethyl cyanoacetate, whereby the phenylhydra- 
zone of the latter is produced.^ 

The following is an example of the formation of .an aliphatic- 
aromatic jp-aininoazo-compound.'^ 


1 Compare also Busch and Wolbring, J.pr. Chem.f 1905, [ii], 71, 366. 

- Bamberger and Muller, Ber., 1894, 27, 147. 

2 V. Pecbmann, Ber,, 1892, 25, 3175. 

^ Bamberger, Ber., 1892, 25, 3201, 3539, 3547. 

^ Rabischong, Bull. Soc. chim,, 1904, [hi], 31, 76, 83; compare also 
Favrel, CompL rend., 1899,128, 318. 

« Krtickeberg, J. pr. Chem., 1892, [ii], 46, 579, 47, 591, 49, 321; 
compare also IJhlmann, ibid., 61, 217 ; Marquardt, ibid., 62,160 ; Favrel, 
aom2:>t. rend., 1900,131, 190; 1907, 146, 194. 

Borsche and Reclaire, Ber., 1907, 40, 3806. 
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Wlien ^j-iiitroplienyJ semicarbazicle, 

NO,. . NH.NH.CO,NI-I„ 

or jo-benzoquinoneoximesemicarbazone, 

NOH: 0,H,: N.NH.CO.NH,, 

is reduced with tin and hydrochloric acid ^;)-amiiiophenylseini- 
carbazide (y-aiiiiiiobenzeiichydrazoformainide), 

NH,. . NPI.NH.CO.NH,, 

is produced, and this, on oxidation, yields ^^^-aininobenzeneazo- 
formaniide 

NPI,. OcH^. N: N.CO.NH,, H,0. 

The question of the constitution of the mixed azo-comjDOunds 
cannot, however, be said to be finally settled by fixed rules. 
Some appear to be tautomeric substances, others true hydra- 
zones, and many undoubtedly true azo-compounds; thus, for 
example, benzeneazoacetylacetoue, has been regarded as a 
hydrazone, 

CoH5.NH.N:C(CO.CH3)„ 
because it yields an A^-ester, for example, 

. N(CO.CoH3).N : C(C0.CH3), , 

by acylation. On the other hand, the production of such an 
ester can be represented thus: 

NaO.C{CH,):C(N:N.C,H 5 ).CO.CH, 

^'g>C(CH3).C[:N.N(CO.C,H,).C„HJ.CO.CH, 

^ . N(CO.CA) N: C(CO.CH,),. 

The colour, solubility in aqueous alkalis, and reactivity with 
alcoholic bromine are all in harmony with the formulation of 
these derivatives as aliphatic hydroxyazo-compoundsd 

In all probability the course of the reaction depends on the 
constitution of the diazo-compound used, the discussion of 
which is postponed until later (see p. 134).^ 

^ K. H. Meyer and Zalm, Annalen^ 1913, 386, 152. 

2 For mixed bisaao-compounds see Duval, Com;pt, rend.^ 1907,144,1222. 



CHAPTER XIV 


METALLIC DIAZO-DERIVATIVES. 
DIAZO-HYDEOXIDES 

Br adding a cold satui'ated solntioii of diazobenzene nitrate 
to a large excess of concentrated aqueous potassium hydroxide, 
evaporating the resulting yellow liquid, and extracting with 
alcohol, Griess obtained a substance containing potassium, to 
which he gave the formula . OK. 

When this compound was treated with acetic acid a yellow 
oil was obtained which Griess regarded as free diazobenzene, 
CaH,N,. 

The potassium compound was examined by Ourtius,^ wlio 
found, however, that it contained only two-thirds of the 
nitrogen required by the above formula. Also when diazo¬ 
benzene sulphate was neutralised with barium hydroxide and 
the mixture extracted with ether, a yellow substance was 
obtained wHch melted at — 3°. Tliis contained only two 
atoms of nitrogen to three benzene nuclei, although no nitrogen 
had been evolved as gas. 

Griess's product was shown later by Bamberger to consist 
chiefly of the -iso-salt. 

A very important addition to the chemistry of the metallic 
diazo-derivatives was made by Schraube and Schiiddt in 
1894.^ These chemists found that when a 10 per cent, solu¬ 
tion of p-nitrocliazobenzene chloride was quickly added to an 
18 per cent, solution of sodium hydroxide at 50-60°, golden- 
yellow plates separated which no longer combined with 
/?-naphthol, and which they considered to be sodium p-nitro- 
phenylnitrosoamine, . CqHj^ . NNa.NO. 

When an ice-cold, aqueous solution of this was treated with 


^ Ber,, 1890, 23, 3035. 


Ber,, 1894, 27, 514. 
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acetic acid, a pale yellow precipitate was obtained which was 
regarded as the free j/j-nitrophenylnitrosoamiue, 

NO,.CgH^.NH.NO; 

this, like the sodium salt, did not couple with alkaline 
^-naphthoL When hydrochloric acid was substituted for acetic 
acid, |)-nitrodiazobenzene chloride was slowly regenerated. 

On treatment with methyl iodide, the sodium salt gave the 
iiitrosoamine of 2 :)~nitromonomethylaniline— 

N02.CcH,.NMe.N0. 

Schraube and Schmidt also investigated the properties of 
Griess's potassium salt, and showed that it differed from the 
compound described by them in that it coupled with alkaline 
/3-naphthoL On being heated with concentrated aqueous 
potassium hydroxide, however, it was converted into the 
potassium salt of phenylnitrosoamine, . NK.NO, which 

no longer combined with /?-naphthol, and with methyl iodide 
gave the iiitrosoamine of methylaiiiline. This potassium salt, 
on neutralisation with acetic acid, gave a colourless oil which 
combined with /S-naphthol solution, and on adding an excess 
of acetic acid to the oil a solution of diazobenzene acetate was 
obtained. 

From this work Schraube and Schmidt drew the following 
conclusions: 

(1) The alkali salts of diazobenzene can exist in two forms, 
namely, the diazo-metallic salts, CoHg.N:N.OR, and the 
nitrosoamiiies, CgHq.NR.IsO (R denoting the metal). 

(2) Free phenylnitrosoamine, CgHg.NH.NO, does not exist, 
as a solution of its non-combining sodium salt, when acidified 
with acetic acid, immediately gives an azo-dye with /3-naplithol. 

(3) 21 -Nitrodiazobenzene appears to exist only in thenitroso- 
amine form, and its alkali salt does not exist in the ^ oxime ’ 
condition. 

These conclusions, as will be shown, do not truly represent 
the course of the reactions (see p. 114). 

Ill a paper published shortly after the appearance of 
Schraube and Schmidt’s work, Bamberger stated that he 
had earlier discovered a derivative of /S-naphthylarnine corre¬ 
sponding with the formula . NH.NO, which did not 

I 
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couple witli /3~naplithol, but did so after treatment with a 
mineral acidd 

He considered that the influence of the latter was to efiect 
a transformation into the isomeric diazo-compouiid, thus— 

Ci,H 7.NH.NO CioH^.NrN.OH. 

Confirmation of this view was afforded by von Pechmann 
and Frobenius, who stated that the silver salt of ^^-nitro- 
phenylnitrosoamihej when treated with methyl iodide, yielded 
an oxygen-ether of jo-nitrodiazobenzene— 

N0,.C,H,.N:N.0.CH3. 

The conclusion is emphasised, therefore, that the hydroxide 
corresponding with these compounds exhibits the phenomenon 
of tautomerisin.^ That is to say, that the hydroxide can act 
either as 

NO,.0,H,.N:N.OH or NO,. . NH.HO.^ 

It was thus established that two isomeric forms of the 
metallic diazo-compounds exist; the modification described by 
Schraube and Schmidt may be called the stable or iso- 
modification, and the labile or normal form is that which 
couples with phenols much more readily than its isomeride.'*= 

Most of the metallic diazo-compounds exist in these two 
modifications, but the presence of negative groups in the 
aromatic nucleus greatly diminishes the stability of the 
normal modification. Although, for the purpose of defining 
these isomeide compounds, ifc has been necessary to mention 
the constitutions which were assigned to them at the time of 
their discovery, the subsequent developments of the views on 
this subject have been so extensive, and the discussion so 
prolonged, that an account of this must be postponed We 


^ Ber, 1894, 27, 679. 

” Ber., 1894, 27, 672; compare also Bamberger, ibid., 679. 

^ Although Hantzsch would not accept the views of Bamberger and 
von Pechmann, yet he arrived at this conclusion from his own work 
some years later (p. 174). 

^ The presence of alkali has a great effect on the combining power 
of the two isomerides: Schraube and Schmidt had a large excess of alkali 
present when they noticed that the stable form did not combine, but 
when less is used it does combine, although much more slowly than the 
labile form. 
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shall therefoi'e proceed to a description of some of the more 
important compounds of this class. 

Potassium benzenediazo-oxide (normal, labile, or 62/?^-salt). 
—Ten c.c. of a 15 per cent, solution of diazobenzene chloride 
are dropped slowly into a mixture of 140 grams of potassium 
hydroxide and 60 grams of water cooled to 5°. The tempera¬ 
ture is allowed to rise to 15-20^^, whereby the alkali becomes 
completely dissolved, and the precipitated potassium benzene- 
diazo-oxide is collected. This is pressed on porous porcelain. 
One gram of the crude product is now dissolved in 3 c.c. of 
absolute alcohol at — 5°, the solution quickly filtered, and B-IO 
times its volume of dry ether added. The salt is obtained in 
this way in snow-white, silky needles, which are very hygro¬ 
scopic and soon become pink.^ 

67y9i-Diazo-oxides are also obtained by treating nitroso- 
acylanilides with potassium hydroxide,^ 

Ar.N(NO)Ac4-2KOH = Ar.N: N.0K + K0Ac + H,0, 
and by the reduction of salts of diazoic acid, 

Ar.N20.0K + 2H = H,0 + Ar.N: KOK. 

When the normal salts are treated with acids the correspond¬ 
ing hydroxides are not formed, but the yellow, explosive 
diazo-anhydrides arc pi^oduced (see p. 171). 

Potassium benzenediazo-oxide {lao-, stable, or anti-^dXt). — 
This is obtained by heating the strongly alkaline solution of 
the diazo-cliloride to 130-140° until the product no longer 
combines with /3-naphthol (compare p. 113-114). 

« Another method of preparing the iso-metallic compounds 
consists in treating o- or y;-hydroxy-benzy]ated nitrosoaryl 
derivatives of the type NO.NAr.CH 2 • . OH with very 

dilute aqueous potassium hydroxide— 

OH.C.H,. CH,. N(C,H5).N0 + KOH 

= OH.O.H,. CH 2 . OH + CgH, . NK.NO. 


^ Bamberger, Ber,, 1896, 29, 461, 
Bamberger, Ber., 1894, 27, 915. 

I 2 
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The j)<^tiassinm 'zso-diazo-oxicle is formed together with 
liydroxybenzyl alcoliold 

iso-Diazo-oxides are also formed by the reduction of iso- 
diazoic acids, by heating secondary nitrosoamines with potas¬ 
sium hydroxide/ and by treating phenyl hydrazine with ethyl 
nitrite in the pi^esence of sodium or potassium ethoxide.^ 

When the potassium ^so-diazo-oxides are treated with acetic 
or mineral acids, the corresponding hydroxides are obtained, 
which, with alkalis, regenerate the metallic iso-salt. 

The hydroxides of iso-diazobenzene, iso-diazo-j>toluene, 
2 ;-chloro- and _ 2 >bi’omo-iso-diazobenzene, a- and /3-iso-diazo¬ 
naphthalene, and potassium iso-diazobenzenesulphonate are 
all colourless, whilst the hydroxides of o- and ^:)-nitro-iso- 
diazobenzene are yellow.^ 

isJf-Diazobenzene hydroxide is a colourless oil which is 
readily soluble in ether. It is vejy unstable. 

The hydroxides of tlie remaining substances mentioned 
above are white crystalline solids.^ 

The action of alkalis on diazo-salts sometimes, however, pro¬ 
ceeds differently. Thus 2 :4:6-tribromodiazobenzene gives 

_Br 

o 

(I) (II) 

rise to 3: 5-dibromo-o-benzoquinonediazide (I) (see p. 79), and 
o-diazotoluene furnishes indazole (II) (see p, 39).® 

Diazobenzene hydroxide (diazoniuin hydroxide). — This 
hydroxide does not correspond witli either of the two fore¬ 
going potassium salts according to Hantzsch, although * 
Bamberger I'egards it as the hydroxide derived from the 
labile salt (see p. 167). 

For the preparation, 0«7 gram of pure diazobenzene chloride 

^ Bamberger and Mnller, Annalen^ 1900, 313, 97. 

2 Bamberger, Ber., 1894, 27, 1179; 1900, 33, 1957. 

" Thiele, Ber,, 1908, 41, 2806; Stolle, ibid., 2811. 

* Bamberger, Ber., 1896, 29, 446. 

® Bamberger, Ber., 1896, 29, 1383, 

Bamberger, Annalen, 1899, 306, 289. 
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is dissolved in about 50 c.c. oE ice-cold water, and about 
0-8 gram (the theoretical amount is 0-62) of freshly-precipi¬ 
tated moist silver oxide mixed with ice, added, and the whole 
shaken for five minutes. The filtrate consists of a practically 
pure solution of the hydroxide. 

This solution has a strongly alkaline reaction, and combines 
instantly with ^-naphthol. The pure solution is colourless. 
The hydroxide is also obtained by treating a solution of the 
diazo-sulphate with the calculated amount of baryta,"^ or b)^ 
the interaction of nitrosobenzene and hydroxylaniine,^ 

CoH,. NO + NH^. OH = Cfi ,. N^. OH + 

The solution is very unstable; even at 0° it decomposes and 
becomes dark coloured. 

Other diazo-hy dr oxides are prepared in a similar manner*. 

Reduction of the metallic diazo-oxides.—Both series of 
diazo-oxides, when treated with sodium amalgam in presence 
of excess of sodium hydroxide, yield the corresponding 
Irydrazine.*' 

Oxidation of the metallic diazo-compounds. Aromatic 
diazoic acids,—Wlxen an alkaline solution of diazobenzene is 
oxidised by potassium ferrieyanide, a substance is obtained 
to which the name benzenediazoic acid is given— 

0,H,.NAH. 

It is formed in white leaflets, melting at 46-46-5°, sparingly 
soluble in water, but readily so in organic solvents or alkalis. 
It forms well-defined salts."^ 

Potassium permanganate ^ or hydrogen peroxide ® may also 
be used as the oxidising agent. 

A better yield is obtained by oxidising potassium benzene- 

^ Hantzscli, Ber., 1898, 31, 840. 

Bamberger, Ber.^ 1895, 28, 1218; 1897, SO, 2279; Hantzscli, ihicLj 
1905, 38, 2056; Euler, ibid,, 1906, 39, 1035. 

^ Hantzscb, Ber., 1898, 31, 340. 

^ Bamberger and Storch, Ber., 1893, 26, 471; Bamberger, ibid., 1894, 
27, 859; D. R-P. 70813. 

Bamberger and Lanclsteinerj Ber., 1893, 26, 482. 

Bamberger and Bandiscb, Ber., 1909, 42, 3568. 
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^so-diazo-oxide -with potassium femcyanided The compound 
may also he prepared by treating diazobenzene perbromide 
with sodium hydroxide,^ or by the action of nitrogen pen- 
toxide on aniline in ethereal solution at —20°.'^ 

When benzenediazoic acid is slowly heated, or when it is 
treated with mineral acids, it undergoes intramolecular change 
wdth the formation of a mixture of o- and ^^^-nitroaniline. 

When heated with potassium hydroxide to about 290^^ it is 
decomposed into aniline and nitric or nitrous acid. By gentle 
reduction with zinc and acetic acid, diazobeiizene is formed, 
and with sodium amalgam, phenylhydrazine is produced.^ 

On account of the conversion into nitroaniline, Bamberger 
regarded benzenediazoic acid as the simplest aromatic nitro- 
amine, or phenylnitroamine, CgHr,. NH.NOg, and represented 
the change into nitroaniline as follows: 

NH.NO2 NHg 

I I 



The proof of this constitution was found in the study of the 
action of hypochlorite on the diazoic acid, for a chloro- 
derivative was obtained which gave the characteristic 1 * 0 - 
actions of a chloroimide, and underwent molecular change 
even more readily than the parent compound, forming ^-chloro- 
o-nitroaniline. 

The constitution of the chloro-compound is therefore 
0gH,,NCIN02.^ 

Benzenediazoic acid forms two methyl esters; with methyl 
iodide the sodium salt gives the a-ester, C^Hq. NMe.NOg, and 
the silver salt yields the y0-ester, CcH,-. N: NOgMe. 

Benzenediazoic acid is therefore, as Bamberger had sliown 
to be the case* with diazobenzene hydroxide, a tautomeric 
substance, thus— 

0eH,.NH.N02 ^ OcHc.NrNOJi, 

' Bamberger, Ber,, 1894, 27, 914; D. R-P. 77397. 

^ Bamberger, Ber.^ 1894, 27, 127.1 

^ Bamberger, Ber., 1894, 27, 584. 

^ Ber., 1894, 27, 365. s Ben, 1894, 27, 361. 
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and can give rise to N- and 0 -derivatives, 

OoHa. NX.NO 2 and O 0 H 5 . N: NO. OX. 

This conclusion, after a considerable amount of discussion,^ 
was confirmed by Hantzsch,^ who showed that the compound 
reacted as a pseudo-acid. 

' Bamberger, Ber., 1894,27, 2601; 1897, 30,1248; Annalen, 1900, 311, 
99; Hanfczsch, Ber., 1894, 27, 1729; 1898, 31, 177; 1899, 32, 1722. 

^ Ber., 1902, 36 , 258. 
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DIAZO.OOMPOUNDS OF THE ALIPHATIC SERIES' 

§ 1, Preparation.—Tlie amines of the aliphatic series do 
not react with nitrous acid as do those of the aromatic series. 
Only in certain cases is there a depaidure from the usual 
reaction of substitution of the amino- by the hydroxyl group, 
and then the product has not, as might be expected, a compo¬ 
sition similar to that of an aromatic diazo-salt, but the nitrogen 
atoms are joined to the aliphatic nucleus, thus : C : Ng. 

The reason of this difference in behaviour will be explained 
in the discussion of the constitution of the aromatic diazo-salts 
(see p. 190), 

For man 3 ^ j^ears the constitution was held to be 


until Thiele ^ advocated a suggestion thrown out from time to 
time by others, to the effect that, for example, diazomethane 
should be regarded as having the structure CHg: N ; N, and 
this view has been confirmed hy Forster and Cardwell from 
experiments on the action of organo-magnesium compounds 
on diazoeamphor and diazodeoxyhenzoin. 

The first number of the series was obtained by Schiff and 
Meissen in 1881, who prepared diazocamphor from eamphor- 
imide.^ This diazo-compound was also obtained by Angeli by 
the action of nitrous acid on aminocamplior.^ 

The principal worker in this field of research was, however, 

^ Corapave also Curtius, Diaisoverlindwigen dev Fettreih(\ 1886; Demetre 
Vladesco, Sur les composes diazoimies de la s^ric (jrasse, d891. 

2 Ber., 1911, 44, 2522. 

^ Trans., 1913, 103, 861 ; compare Siaudinger, Ber., 1916, 49, 1884; 
Darapsky and Prahliakar, ihid., 1912, 45, 1654, 

Gazzeita. 188L 11. 171. 
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Curtius, who a little la.tei',^ .succeeded in diazotising the ethyl 
ester o!: glycocoll, or ethyl aininoacetate, a reaction which 
proceeds in two stages ; the first stage is the formation of the 
nitrite of the aliphatic amine, 

HOI, NH^, CH^. CO^Et + NaNO, 

= NaCl + HNO^^ NH^: CH,. CO,Et, 

and this then loses water with production of the diazo- 
comjDOund— 

HNO 2 , Nli^. CH 2 . CO^Et = 2H,0 + Ng: CH.COgEt. 

Tlie free fatty acids do not yield diazo-derivatives, as tliese are 
immediately decomposed, so that the esters, amides, &c., must 
be used. The constitution of cliazoacetic ester is proved by (1) 
the ready substitution of the two atoms of nitrogen by two 
atoms of iodine, yielding di-ipdoacetic ester— 

CHiN^ CHI 2 

I +I2 = ! +N. 

CO^Et CO^Et 

and (2) the reduction to ammonia and glycocoll— 

ClipiNg CH,.NH, 

I ^ +3H,- 1 %NH3 

CO^Et CO^Et 

Similarly diazosuccinic acid yields ammonia and aspartic acid— 

CO,Et.C:N2 CO 2 H.CH.NH 2 

I 4 * 3H2 = I + NH3 

CH 2 .CO 2 H CH 2 .CO 2 H 

The preparation of diazoacetic ester is carried out as follows: ^ 
Five grams of sodium acetate are dissolved in two litres oL* 
water in a ten-litre separating funnel; to this solution one 
kilo of the finely powdered hydrochloride of ethyl aininoacetate" 
is added, and then 750 grams of sodium nitrite. The mixture 
is shaken until the temperature has fallen to about 0*^* Five 
c.c. of 10 per cent, sulphuric acid and half a litre of ether are 
then added and the whole is again well shaken. During this 
period the gradual solution of the still undissolved salts cools 

^ JBer, 188B, 16, 2230; J, pr, Chem., 1888, [ii], 38, 401. 

“ Silberrad, Trans,, 1902, 81, 600. 

^ For the preparation of this compound see Hantzsch and Silberrad, 
JBer., 1900, 33, 70. 
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the mixture and prevents the reaction from becoming too 
violent. As soon as the action slackens, the ethereal solution 
of ethyl diazoacetate is run off, fresh ether added, and 10 
per cent, sulphuric acid run in from time to time in small 
quantities until red fumes are evolved. The ethereal solution 
is then run off, added to that already obtained, washed with 
small quantities of dilute sodium carbonate solution until the 
washings assume a deep yellow colour and have an alkaline 
reaction. Tlie ethereal solution is dried by shaking with fused 
calcium chloride, and freed from ether on the water-batli. 
The yield amounts to 770 grams, or 94*7 per cent, of the 
tlieoretical quantity. 

Aliphatic diazo-coinpounds can also be prepared by oxidising 
the hydrazones of aldehydes or ketones with mercuric oxide, 
from nitrosourethanes (see p. 126), and by the action of acyl 
chlorides on ethyl diazoacetate,^ 

2CHNo. CO,Et -h RCOCl = R.CO.CNo. CO.^Et 
+ CH2Cl.C02Et + N2. 

§ 2. Properties of diazoacetic esters.—The esters of diazo- 
acetic acid are liquids which solidify at veiy low temperatures. 
They are citron-yellow, and possess a characteristic odour. On 
being warmed to 100° the colour changes to a deep orange, 
but on cooling the original colour reappears. The esters boil 
without decomposition under very low pressures, and even at 
the ordinary pressure by quick distillation over the free flame 
the greater part of the liquid passes over unchanged; the rest 
decomposes with slight detonation, and forms a thick, white 
cloud. 

The ethyl ester is extraordinarily volatile, and rapidly 
vapoxuses in a vacuum over sulphuric acid. 

The esters distil mostly unchanged with steam, the volatility 
increasing with the weight of the ester radicle, whilst the 
solubility in water at the same time decreases. 

The diazo-eompounds of the fatty esters are miscible in all 
proportions with alcohol, ether, benzene, light petroleum, &c. 

^ Stauclinger, 7?rr,, 191P, 4P, 1884; Staiulinger, Becker, and Hirzel, 
1978. 
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Metliyl diazoacetate, Ng : CPI.CO 2 . CH 3 , boils at 129y 
721 mm. or 33 °/10 mm. Its sp. gi\ is 1*139 at 21 °. It is 
moderately soluble in water, and has a neutral reaction. 

Ethyl diazoacetate, : CH.COg. , crystallises in a 

mixture of etlier and solid carbon dioxide to a crystalline mass, 
which melts at —24°. It boils at 143-144y721 mm. or 46°/ 
11 mm., and its sp. gr, is 1*073 at 22°. On gentle warming it 
takes fire and burns quickly with a luminous flame. It does 
not explode by concussion, but on adding concentrated sul¬ 
phuric acid a violent explosion occurs; this also takes place on 
heating it with certain organic nitro-compounds such as 
nitroaldehydes. 

By the action of light the ester gives ethyl 4:5-dihydro- 
pyrazole-3 :4:5-triearboxylate— 

CO^Et.CH-O.CO^Et 

CO^Et-iH N 



and tliis is also foi'ined by the action of copper powder on an 
ethereal solution of the ester or by warming its liglit 
petroleum solution in tlie presence of platinum, mercury, or 
aluminium.^ 

The ester is sparingly soluble in water, and has a neutral 
reaction. By heating diazoacetic ester near its boiling point 
nitrogen is evolved, and finally fumaric ester remains— 

2 No: CH.COgEt == 2 N 2 + C^R^{CO^Et )^. 

As an intermediate product in the reaction there is formed 
azinsuccinic ester — 

j^/CH.COgEt 

. 4N,,CH.CO,Et = 3N,+ i)gg;g 04 ‘ 

^XCH.OO^Et 

Amyl diazoacetate, Ng: CH.OOg. boils at 160° under 

a pressure of 721 mm. It is insoluble in water, and has a 
neutral reaction. 

^ Silberrad and Roy, Trans..^ 1906, 89, 179. 

Loose, t/. jor. Ghem., 1909, [ii], 79, 505. 

" Cuvtius, Be)\, 1885, 18, 1302, 
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§ 3. Keaction of the aliphatic diazo-compounds,^—When 
diazoacetie esters are mixed with aqueous potassium hydroxide 
or baryta water the corresponding metallic salts are formed. 
These are stable, however, only in cold, aqueous solution, and 
Curtins was unable to isolate them or to prepare the free acid 
by treatment with mineral or organic acids. Traube, however, 
by another method, succeeded in preparing the pure sodium 
salt (see p. 128). 

With concentrated aqueous ammonia, diazoacetie esters 
yield diazoacetamide, Ng: CH.CO.NHg, which crystallises from 
warm alcohol or water in large, gold-yellow, transparent prisms. 
These crystals melt at 114° with copious evolution of gas.^ 

With water, nitrogen is evolved, and tlie corresponding 
hydroxy-ester produced. 

The reaction in the case of ethyl diazoacetate has been 
quantitatively studied by Bredig and Praenkel.*^ As in the 
case of the diazo-eompounds of the aromatic series the reaction 
is unimolecular, and the rate is proportional to the concentration 
of the hydrogen ions, these exerting a catalytic influence. 

The presence of neutral salts destroys the regularity of the 
decomposition and introduces secondary reactions. 

The other decompositions of diazoacetie ester are as follows: 

W^ith alcohol it yields ethylglycollic ester, and witli picric 
acid it yields picrylglycollic estei*,'^ 

With benzaldehycle it yields ethyl benzylidenedioxyphenyl- 
propionate ^— 

^ A gasometric study of the decomposition of aliphatic diazo-eompounds 
in cumene or bromohenzene solution has been made by Staudinger and 
Gaule, Ber., 1916, 49, 1897. 

^ Gurtius, Ber., 1884,17, 953; Curtins, flarapsky, and Bockmuhl, ihuJ., 
1908, 41, 344. 

^ Zeitsch. Elelctrocliem.^ 1905, 11, 525; Fraenkel, Zeitsch. plujsiJcal. 
Client., 1907, 60, 202; see also Bredig and Eipley, Ber., 1907, 40, 4015 ; 
Holmberg, ihid., 1908, 41,1841; 1914, 47,165 : Muman, Zeitsch. physilcal. 
Cheni., 1908, 62, 589; Lachs, ibid., 1910, 73, 291. 

^ The velocity of the decomposition of diazoacetie ester by picric acid 
in ethyl, methyl, and ?5obutyl alcohol solution has been determined by 
Millar {Zeitsch. physihal, Chem., 1913, 86, 129), Snethlage {ihid., 211), 
and Orloff (J, Buss. Phys. Chem. Soc., 1914, 46, 1441), by certain organic 
acids in ethyl-alcoholic solution by Braune (Zeitsch. physihal. Chem., 

1913, 85,170), and by various phenols and alcohols by Calcagni (Gas^etta, 

1914, 44, ii, 447; 1915, 45, ii, 362; Atti B. Accad. Lined, 1916, [vl, 26, 
i, 643. 

^ Bieckmann, Bcr., 1910, 43, 1024. 
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C^Hg.CH/ 


O.CH.C^H, 


^O.0H.CO2Et 


Witli liyclrocliloric acid it yields monoehloroacetic ester. 
With iodine it yields di-iodoacetic ester. 

A concenti-ated solution of hydrofluoric acid yields with 
diazoacetic ester, diglycollie ester— 


2 CH: N 3 . CO,R -h H^O = • CO^R ^ ^ 

With nitrogen iDeroxide the ester gives ethyl dinitroacetate 
and nitrogen, ethyl furoxandiearhoxylate being formed as 
a by-product ^ and with liquid armnonia the ammonium salt 
ol* 'v/A-diazoacetainide 


is formed.^ 


NH,.CO.C 


^N.N(NH,)\ 

\N„N/ 


CH.CO.NH^ 


Diazoacetic ester condenses with benzene to form ethyl 
A“ ■ ‘-norcaradiene-7->carboxylate, 

CH:CH.a 

I II >OH.CO.Et 

GH: CH.c/ 


and analogous products are obtained with toluene, m- and p- 
xylene, and naphthalene/^ 

On reduction, diazoacetic esters yield the original amino- 
compound, a hydrazine being formed as intermediate product 
thus— 

N 2 : OH.CO.R + = NH,. NH.CH^. CO^R. 

The hydrazinoacetate is obtained in a 90 per cent, yield 
when ethyl diazoacotate is reduced with sodium amalgam.^ 
With concentrated aqueous alkalis the tripotassium salt of 
T/r-diazoacetic acid 

co,kc<5J\^®^>ck.co,k 

is formed.''"' 


^ Wieland and Reisenegger, Annalen^ 1913, 401, 244. 

2 Curtius, Dax'apsky, and B. Muller, Be)\, 1906, 39, 3410. 

^ Buchner, Ber., 1896, 29, 106; 1898, 31, 2241 ; Braren and Buchner, 
ibid., 1901, 34, 982; Buphner and Hediger, ibid., 1903, 36, 3502; 
Buchner and Feldmann, ibid., 3509; Buchner and Delbrlick, Annalen, 
1907, 35P, 1; Buchner and Schulze, ibid., 1910, 377, 259. 

^ Darapsky and Prabliakar, Ber., 1912, 45, 1654. 

Curtius, J. fr. Chem., 1889, [ii], 39, 116; Hantzsch and Silberrad, 
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With potassium sulphite, diazoacetic ester gives the potas¬ 
sium salt of ethyl sulphohydrazimethylenecarboxylic acid— 

.NH 

CO.,Et.CH< I 

\n.so,k 1 

When ethyl diazoacctate is treated with potassium ethoxido, 
an additive compound of potassium ethoxido and diethyl 
potassium A/r-diazoacetate 

CO,Et.C<^^-^]^>CK.CO,Et, KOEt 

is obtained,^ to whicli Hantzsch and Lehmann had previously 
assigned the formula 

CO^Et. 

'I’he simplest diazo-compound of the aliphatic series, namely, 
diazomcthanc, CHg:N;N, was prepared by von Pcchmann in 
1894d This substance, which is a yellow gas, is obtained by 
warming nitrosomethylurethane with aqueous or alcoholic 
alkalis. One part by volume of nitrosomethylurethane (from 
1 to 5 C.C.), together with 30-50 c.c. of pure ether, and 1-2 
parts by volume of 25 per cent, methyl-alcoholic potassium 
hydroxide, are warmed in a small flask fitted with a reflux 
condenser on the water bath.® The mixture beconias yellow, 
and a yellow gas is evolved. The heating is continued until 
the solution becomes colourless. 

The distillate consists of an ethereal solution of diazo¬ 
methane, the yield of which is about 50 per cent, of the 
theory. 

It is produced in a 25 per cent, yield by the slow addition of 
chloroform (IJ mols.) in absolute alcohol to a hot alcoholic 
solution of potassium hydroxide (4 mols.) and hydrazine (1 mol.). 
A slow stream of nitrogen is passed through the apparatus 



Ber., 1900, 33, 58; Ourtius, Darapsky, and. E. Miiller, ibid., 1907, 40, 
1176, 1194; E. Muller, ibid., 1908, 41, 3116. 

' von Pechmann, Ber., 1895, 28, 1847 ; compare D. E-P. 87131. 

“ Corfcius, Darapsky, and E. Muller, Ber., 1908, 41, 3140, 3161. 

’ Ber., 1901, 34, 2506. 

Ber., 1894, 27, 1888. 

= Ber., 1895, 28, 855; Loring, 0/iem. Neios, 1917,116, 255. 
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during the prepai'ation whereby the diazoniethane is removed 
and absorbed in ether; methylhydrazine is a by-product of 
the reaction. Pure diazomethane melts at —145° and boils at 
— 24° to —23°, and is dangerously explosive.^ 

Diazomethane is also obtained by the interaction of 
hydroxylamine and dichloromethylamine— 

CH,. NCI, + H,N.OH = 2HG1 + H^O + CH,N, 

The disulphonic acid of diazomethane, (SO; 3 H),C : N : N, is 
obtained in a remarkable manner. When potassium cyanide 
is treated with an aqueous solution of potassium bisulphite in 
presence of potassium hydroxide, and the product acidified, 
aminomethanedisulphonic acid results, which, on treatment 
with nitrous acid, furnishes the corresponding diazo- 
dei-ivative.^ 

The colour of diazomethanc is deepened by the introduction 
of two radicles; thus dimethyldiazomethane, C(CH 3 ),:N 2 , is 
red and diphenyldiazomethane, : N,, is bluish red.‘^ 

Phenyldiazomethane is obtained by decomposing potassium 
benzyldiazo-oxide (p. 129) with water ^— 

CgH- . CH,. N: N.OK = Q.K ,. CH: N, + H,0, 

or by oxidising benzaldehydehydrazone with mercuric oxide.^^ 
It is a brownish red liquid which has only a faint odour, 
and is slightly volatile. It boils at 8iyi5 mm. and 37-43°/ 
1*5 Him. and decomposes when rapidly heated. When distilled 
under the ordinary pressure it i.s mostly decomposed with 
formation of stilbene— 

SC 0 H 5 . CH: N, = C,H-. CH : CH-OcH^ + 2 N,. 

When warmed with water it yields benzyl alcohol, and in its 
other reactions it resembles diazomethane. 

Biphenyldiazometliane, (CyH 5 l 2 C: N,, prepared by oxidising 
benzophenonehydrazone with mercuric oxide, forms red needles 

' Staudinger and Kupfer, Ber,, 1912, 46, 501. 

- Bamberger and Renauld, Bei\, 1895, 28, 1682; compare also Thiele 
and Meyer, Ber., 1896, 29,-961. 

3 von Peclimann and Manck, Ber,, 1895, 28, 2374; von Pechmann, 
Ben, 1896, 29, 2161. 

^ Staudinger, Bei\, 1916, 49, 1884. 

^ Hantzsch and Lehmann, Be)‘., 1902, 35, 897. 

'' Staudinger and Gaule, Bcr., 1916, 49, 1897. 
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melting at 29-30° With hydrogen chloride at —80 it gives 
diplienylchloroinethaned 

Another interesting method of obtaining aliphatic diazo- 
compounds is that due to Traube, which consists in treating 
the sodium or lead salt of isonitroaminoacetic acid, 

with sodium amalgam at 0°. Keduction takes place, and the 
sodium salt of diazoacetic acid is produced.^ A metallic salt 
of diazoacetic acid was thus isolated in the pure state for the 
first time. 

By treating aminoguanidine nitrate with nitrous acid it 
was thought that the corresponding diazoguanidinc nitrate 
was formed,^ but this was later shown to be a derivative of 
carbaminoiminoazoiinide— 

NH2.C(NH),N3.^ 

The preparation of an aminoguanidine diazoliydroxide, 
. OH, and the corresponding salts, has, however, been 
achieved by diazotising aminoguanidine nitrate with sodium 
nitrite without the addition of acid. The compound is insoluble 
in water and couples with a-naphthylaniine, &c. It is con¬ 
sidered to contain the nitrosoamine group,. NIi.NH.NO and 
to have the foimiula 

NH: C(NH2).NH.NH.N : N.C(: Nli).NH.NH.NO, 
and in the formation of salts water is eliminated and a terminal 
diazo-group is formed.^ 

§ 4. Metallic diazo-compounds of the aliphatic series.— 

The compounds of this class were obtained by Haiitzsch and 
Lehmann‘S by treating nitrosoalkylui*ethanes with conc(m- 

^ Staudinger, Aiithe?, and Pfenninger, Be)\, 1916, 49, 1928 ; for the 
action of hydrogen sulphide on this and other diazo-conipounde, see 
Staudinger and Siegwart, Ber.^ 1916, 49, 1918. 

2 Ber., 1896, 29, 667. 

2 Thiele, Amialen, 1892, 270, 1; E. R 2X94 of 1892; Thiele and 
Osborne, Ber., 1897, SO, 2867; Ammlen, 1899, 306, 64. 

^ Hantzsch and Vogt, Annalen, 1901, 314, 339. 

® rC. A. Hofmann and Roth, Ber., 1910,43, 682; K. A. Hofmann, Hock, 
aiKl Roth, ihid,, 1087; 1911, 44, 2946; K. A. Hornninn, Hock, and 
Kirmreuter, AiimiJen, 1911, 380, 131. 

« Ber., 1902, 35, 897. 
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trated potassium hydroxide solution or etliereal potassium 
cUioxide, thus— 


rr-r v/NO ,^-CH,.N:N,OK + H,0 + K,CO, 


ccrgf _^CH,. N: N.OK + Eton + KEtCO, 


Tliese salts are highly unstable; with water they decompose 
with explosive violence. The metallic salt obtained from 
iiitrosomethylurethane forms diazoiiiethane, and that derived 
from nitrosobenzylmethane gives phenylcliazomethane. 

Potassium metliyldiazo-oxide, CHg. N : N.OK + HgO, sepa¬ 
rates in white crystals when nitrosomethylurethane is gra¬ 
dually added to a very concentrated aqueous solution of 
potassium hydroxide at 0°. As excess of alkali is used, the 
reaction proceeds according to the equation— 

™..W<gg,Et + 3KOH 

^ K,COo + C,H-. OH + CH.,. N: N.OK, PI,0. 

Potassium lb enzyldiazo-oxide, CgH^. CH.^. N : N.OK + H 2 O, 
is obtained in a similar manner from nitrosobenzylurethane. 

On decomposition with water it yields, as chief products, 
phenyldiazomethane and potassium hydroxide, and as secon- 
daiy products, benzyl alcohol and nitrogen, thus — 

.C,tl-,.CH:N., + H.,0 
CHL.CH.,.N:N.0H/ 

\C„H5-CH2.0H + N, 

It is found that only esters of a-amino-acids yield diazo¬ 
esters ; /3- and y-amino-esters, on the other hand, do not form 
diazo-compounds, and an a^-diamino-ester therefore yields 
an a-diazo-/3-hydroxy-ester. 

Further, only fatty compounds in which the amino-group, 
carbonyl, and at least one hydrogen atom are attached to the 
same carbon atom, yield diazo-compounds with nitrous acid; ^ 
thus, for example, diazoacetophenone is obtained by adding 
sodium nitrite solution’to an aqueous solution of the hydro¬ 
chloride of aminoacetophenoiie,* and then dropping acetic acid 


^ CuL’tins and E. M dler, Ber , 1904, 37,1261compare also Angeli, Ber., 
1904, 37, 2080, 
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into the cold solution. A solid substance separates, which is 
washed with sodium carbonate solution and crystallised fiom 
light petroleum. Yellow needles are obtained, possessing the 

constitution— , 

C„H5.CO.CH:N2i 

Diazoacetono, CH„. CO.OH : N„ a pale yellow liciuid, is 
obtained by treating diazoaeetylacetoiie anhydiide, 

N=N 

0/ I 

\0(0H.j):C.C0.CH3 

(from aininoacetylacetone), with dilute sodium liydi oxide. 


§ 5. Diazoamino-compounds of the aliphatic series. The 

Bimplest represGiitative of the aliphatic diazoaniino-sericB, 
namely, diazoaminomethane, is obtained by the action of 
inagnesiinn methyl iodide on iiietliylazoiniide and deconi- 
poBition of the resulting compound with waterd 

Its formation is represented by the equations 

CH 3 . Mgl + CH 3 . N 3 = CH 3 . N: N.N(CH 3 ).MgI 
CH 3 . N : N.N(CH 3 ).MgT + H,0 

= CH 3 . N : N.NH.CH 3 + Mgl(OH). 

Diazoaminomethane is a colourless liquid, boiling at 92 , 
which solidifies when immersed in a mixture of solid carbon 
dioxide and ether 5 the solid melts at —12 . AVhen heated 
quickly it explodes, and it decomposes with acids according to 
the equation— 

N 3 (CH 3 ) 2 H + 2HC1 = OH 3 CI + N 2 + NH 2 . CIi 3 , HCl. 

Diazoaminotetrazolic acid, 

N 3 . C(: NH).N: N.NH.C(: NH).N 3 , 

is obtained by treating aminoguanidine dinitrate with sodium 
nitrite in the presence of acetic acid (compare p. 128j.^ 

' Angeli, Ber., 1898, 26, 1715; Gazzeiia, 1895, 26, ii, 494. 

2 Wolff, Anndlen, 1912, 394, 23. 

3 Prepared by treating sodium azoimide with methyl sulphate (Dimroth 
aud Wislicenus, Ber.^ 1905, 38, 1573). 

^ Dimroth, Ber,, 1906, 39, 3905 ; compare ihid., 1905, 38, 670. The 
first aliphatic diazoamino-compoimd was prepared by Thiele and Osborne, 
Annalen, 1899, 305, 64. 

® K. A. Hofmann and Hock, Ber,y 1910, 43, 1866. 
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§ 6- Azo-compounds of the aliphatic series.— Azoinetliane, 
CH.,. FT: N.CHg, is prepared by oxidising s-dimetliylliydrazine 
dihydrocliloride with potassium chromate. It is a colourless 
gas, very readily soluble in water, solidifies a little below 
— 78'^ to colourles>s leaflets, and boils at hSy756 
Other azo-compounds of the alijDhatic series, as well as some 
azoxy-compounds, have been described. 

1 Thiele, Ber., 1909, 42, 2575. 


K 2 
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HETEROCYCLIC DIAZO-COMPOUNDS 


Although there is no exception to the rule that ordinary 
aromatic amines can he diazotised and form diazo-salts, yet 
many instances occur among heterocyclic amines in which 
a diazo-compound cannot he obtained. 

An interesting case of non-diazotisahility is that of G-amino- 
2 :4-diinethylpyriniidine 


which possesses a six-ineiuhered cyclic ring closely akin to 
that oE the henzeiie nucleus^ 

Some of the more important aiuino-compounds of the 
heterocyclic class that have been satisfactorily diazotised and 
furnish diazo-salts are the following: 


N(CH,).CiCHA 

4 “Aminoantipyrine,^ | ^C.NH., 

N(C,H,)-CO/ 

4-Ainmo-l-phenyL5-methyl-3-pyrazoloue;^ 

N(CA).CtCH3). 

I >C.NH. 

NH-CO'^ 


.NH.N 

5-Aniiiio-l :2:4-triazole, NH,>.C^ |i and 

^N-CH 

XH.N 

S-ainino-S-methyl-l : 2 : 4-triazole;^ NH^. H 

^N^O.CH, 


^ Morgan and Reilly, Trans., 1913,103, 808. 

- Knorr and Stolz, Annalen, 1896, 293, 58; Stolz, Ber., 1908,41,3849 ; 
Morgan and Reilly, Trans., 1913, 103, 808, 

^ Micliaelis, AnnaUn, 1906, 350, 288. 

^ Thiele and Manchot, AnnaJen, 1898, 303, 33; Morgan and Reilly, 
Trans., 1916, 109, 155. 
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3-Aiuiiio-.'2-p]icnyliudole,i yC.C^Ha 

—isH— 

C(C„H,):C.NH, 

3- Amino-2: S-diphenylpyrrole, NH<^ | ii-nd 

\C(C„H,):CH 

^C(C„H,,): C.NH, 

4- ainino-2 : 3 ; 5-triplienjdpyiTole,^ NH<^ | 

\C,C„H^): C.C„H, 
NH.C(CH 0 . 

4-Ammo-3 : o-diiuethylpyi-azole,'* | ' ^C.NH., 

N = C(CH,r 

4 - Am iiio-l-phenyl-3-inethylp5mazo]ed 


N(CoH,).CH, 
N = C(CH 3 ; 


'^C.NH., 


5 -C]iloi’0-4-araino-l-phenyl-3-met]iylpyi’azolo,’'’ 


H(C,H3).CCI 


C.NH„ 


N = C(CH,y 
S-Amino-l-phenyl-S-metliyl-d-alkylpyrazoles,** 
H^C3H3).C(NH,), 




N: 


:C.CH 3 )' 


C.R 


(R = CH,,, C^H.,, C 3 H, or CH^.CuH,) 
4-Amino-5-met]iylaniliiio-l-phenyl-3-met]ivlpyrazole,' 

N(CoH,).C(NMePh) 

I >C.NH. 

N=C(CH 3 K 
OH.S. 

2-AminotIiiazole,® || NC-NH^ 

ON.N^ 


^ Angeli and d’Angelo, JS, Accad, IJiiceij 1904, [v], 13, i, 25S; tlie 
product appears to be the anhydride of a diazo-hydroxide. 

^ Angelico, Atti R. Accad> Liueei, 1905, [v], 14, ii, 167. 

Morgan and Reilly, Tiwis., 1914,105, 436. 

' Michaelis and Schilfer, Anncden, 1915, 407, 229.. 

Michaelis and Bressel, Annalen-f 1915, 407, 274. 

« Mohr, J. pr. Chem., 1914, [ii], 90, 509. 

' Michaelis and Abraham, AnnaUn, 1911, 385, 1, 

” Morgan and Morrow, Trans., 1915, 107, 1291. 
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CONSTITUTION OF THE DIAZO-COMPOUNDS 

On account of the extraordinaiy controveray which haa 
raged round the subject of the constitution of tlie diazo- 
compounds, it has appeared more advisable to deal with tliia 
question separately and more fully than would otherwise 
liave been possible. 

As will have been gathered from the account already given, 
the first question calling for attention is that of the constitution 
of the diazo-salts, and then naturally follows that of the two 
classes of isomeric metallic diazo-derivatives. 

§ 1. Constitution of the diazo-salts according to Griess.— 

The first attempt to assign a constitutional formula to a 
diazo-salt was made by Griess^ who gave to diazobenzene 
nitrate the formula HNO 3.1 

Griess considered that in a diazo-compound two atoms of 
hydrogen of fclie benzene nucleus were substituted by two 
atoms of (motioatomic) nitrogen. 

In 1859 Wurt-z ^ suggested that each atom of nitrogen was 
tervalent, and that a bivalent group Ng'^ was present. 

Erlenmeyer^ and Eutleroff'^ developed tliis idea and gave 
to diazobenzene the formula 

CoH,qil 

wliieli Griess adopted.® 

The idea that t ^¥0 hydrogen atoms of the benzene nucleus 
were substituted by nitrogen was still p»resent. 

Gi’iess also, in the same year, considered that a possible 
formula for diazobenzene nitrate was OuH^: N i N, HNO... 

' Phil. Trams., 1864,154, 667. 

^ Expert, cle Chhnie pure, 1858-9, 1, 338. 

Zeitsch.f. Chem., 1863, 678. 

‘ Zeitsch.f. Chem., 1863, 511. 


" Be,., 1874, 7, 1618, 
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About this time Griess discovered that tlie diazoainiiio- 
coiiipound obtained from aniline and broniodiazobeiizene 
nitrate was identical with that prepared from bronioaniline 
and diazobenzene nitrate, and therefore put forward for 
diazoaminobenzene the symmetrical formula—■ 

0,H,:NH.NH.NH:C,H^. 

It is interesting to notice in passing that in the aliphatic 
series the diazo-group is actually united with two valencies 
of carbon, thus— 


diazomethane 


OH / II or 

\N 


CPIgiNfN. 


§ 2 , Constitution of diazo-compotinds according to Kekule. 

—In 1886 Kekuld advanced the view that diazo-compounds 
contained the group .N: N., and considered that the behaviour 
of these compounds was not in accord with Griess’s idea that 
two atoms of hydrogen in the benzene nucleus were displaced; ^ 
thus the formation of diazobenzene nitrate proceeded, according 
to Kekule, as follows— 

C.H^.NH^, PINO, C,H,.N:N.N03. 

Kekul(j’s opinion that, in diazobenzeiie nitrate, there were 
five, and not four, atoms of hydrogen attached to the benzene 
nucleus was proved by the fact that penta-substituted deriva¬ 
tives of aniline could be converted into the corresponding diazo¬ 
salt without suffering any loss of their substituents.^ 

The formulae which Kekule introduced were thus— 


Free diazobenzeiie . 
Diazobenzene sulphate 
Diazobenzene platinichloride 
Potassium salt 
Diazoaminobenzene 
Diazobenzene perbroinide 
or 


C,H,.N:N.OH 

C,H,.N:N.HS0, 

(C,H,.N:N.01),PtCl4 

C,H,.N:N.OK 

CoHg.N:N.NPLCcPL, 

CGH,.N:NBr, Br, 

CGPI,.NBr.NBr, 


Whereas Griess regarded the diazobenzeiie salts as additive 


^ Lelivhucli der 0}yanisclien Cheviie, 11. 717. 

2 Langfurth and Spiegelberg, Anncden, 1S7S, 191, 205; 1879, 197, 
805; compare also ihid., 1874, 174, 355; 1880, 215, 103. 
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compounds of diazobenzene and acids, Keknle looked upon 
diazobenzene as playing tlie part of a base analogous to 
ammonium. 

Further, he explained the difference in stability between 
a diazo-salt sucli as diazobenzene chloride and an azo-com- 
pound 

. N: NCI CeH,. N : N.CoH, 

as being due to each nitrogen atom being united with a phenyl 
group in the latter, whilst in the former the union of chlorine 
and nitrogen rendered the compound similar to chloride of 
nitrogen. Diazoaininobenzene was formed, according to 
Kekuld, by tlie union of the acidic part of the diazo-salt with 
a hydrogen atom of aniline, and the residues of l)otl‘i uniting 
thus— 

The compound thus was an anilide, and hence was called 
diazobenzene anilide 

This conception of the constitution of diazoaininobenzene is 
supported by the fact that, like many hydrazones, it forms 
metallic compounds, the hydrogen of the Ntl group being 
replaceable. 

Diazobenzene perbroinide was considered by Kekul^ to be 
either an additi^^e compound of diazobenzene bromide witli 
one molecule of bromine (Ij or a compound of formula (2) 

OcH,. N: NBr, Br^ Cotl,. NBr.NBr^ 

( 1 ) ^ ( 2 ) 

the former of which was regarded as the correct one. 

The constitution of diazobenzene imide was written by 
Kekuld as 

N 

II • 

aiid lie pointed out that although free diazobenzene (or diazo¬ 
benzene hydroxide), CoH 5 .N:N,OH, was very unstable, yet 
certain otJier diazo-compounds could exist in the free state, 
such as, for example, the diazophenoLs. The reason of tins 
was, tliat whilst one nitrogen of the diazo-group was attached 
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to the benzene ring', the other was united to the oxygen atom 
of the phenol group, tlins— 

0 

CcH/^N 

N 

This view was confirmed by the fact that the diazo¬ 
derivatives of phenol ethers—for example, anisole—behave as 
derivatives oE diazobenzene and not of diazophenoh Thus 
salts of nitrodiazoanisole with mineral acids are easily obtain¬ 
able, whilst those of diazophenol are not; further, free diazo- 
anisole does not exist. 

The diazosnlphonic acids possessed a similar constitution to 
the- diazophenols; tlms diazotised sulphanilic acid was 

SO3 

c„h/^n 

N 

Kekuld also pointed out that the diamines could be divided 
into three classes according to their behaviour on diazotisation, 
namely, (1) those in which only one amino-group was diazo¬ 
tised, (2) tliose in which both amino-groups were diazotised, or 
(3) those in whicli one amino-gToup was diazotised and the 
otlier took part in the reaction^ 

Many examples of these three classes have already been 
described in the foregoing pages. The difierence in stability 
between the aromatic diazo- and azo-compounds was explained 
by Kekul(^ to lie in the fact that whilst both contained the 
grouf) Cf.Hr,. Nin the latter series it was attached to a 
benzene radicle, whilst in the former a halogen or acid radicle 
was united with it. 

Kekule^s theory of the constitution of diazo-compounds was 
universally adopted, and held its own for thirty years, until, 
in fact, the discovery of the isomeric metallic salts, giving, as 
it did, an immense impetus to the study of their constitution, 
led to the abandonment of Kekuld’s theory in favour of that 
of Blonistrand. 

^ Compare Holleman, Zeifsch. f. Chrw,, 18G5, .557 ; Hofmaim, Amuilen, 
ISGO, 116, 251. 
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§ 3- Constitution of diazo-salts according’ to Blomstrand. 

—An entirely novel view of the constitution of the diazo-salts 
was published by Blomstrand in 1869d This chemist ex¬ 
plained the formation of diazoaininohenzene and of diazo- 
l'>enzene nitrate in the following way. 

In order to obtain a diazo-compound from an amine and one 
molecule of nitrous acid (HONO), three atoms of hydrogen 
must be present in order to become replaced by an atom of 
nitrogen. In the preparation of diazoaminobenzene from an 
alcoholic solution of aniline and nitrous acid, two molecules of 
aniline are required to furnish these three hydrogen atoms; 
consequently a simple diazo-conipound is not the final pro¬ 
duct— 

C,H,.NH:H; ^ C,H,.NHi ■‘I 

cX • NIHh! . NiN I 


If, however, the starting-point is a salt of aniline, which, 
according to the ammonium theory of Berzelius, is a salt of 
a substituted ammonium the three necessary 

hydrogen atoms are now present. Further, in tlie latter is 
present a quinquevalent nitrogen atom, wliilst in diazoamino- 
henzene the two atoms of nitrogen are in the ter valent 
condition. 

The formation of diazobenzene nitrate is tlierefore to be 
regarded as follow^s— 


V in V 

C,H5.N.0.N02 + H0.N:0 = 0,^. N.O.NO, + 2IT,0. 

Ill HI 




N 


The three atoms of hydrogen attached to the quinquevalent 
nitrogen atom in aniline nitrate have thus been replaced b}^ 
a tervalent nitrogen atom. 

This theory of the constitution of the diazo-salts was ako 
put forward independently by Strecker in 1871'^ and by 
Erlenmeyer in 1874'^ without the knowledge of Blomstrand’s 
paper or of each other. 


^ Chemie dev JetzizeU^ 1869, No. 4, 272, 
- Ber., 1871, 4, 786. 


« Ber,, 1874, 7, 1110. 
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Tliab thcao two clieuiistH Iiad been anticipated was shown 
in a paper by Bloinstrand in 1875/ who thus established his 
claim to priority. 

Bloinstrand pointed out tlie superiority of his formula to 
that of Kekuld in that no change in the valency of the aniline- 
nitrogen was postulated, a change for wliicli there is no justi¬ 
fication— 

V ill 

Kekul^ CeH.vNH^Cl C,H-,N:N01 

Y V 

Bloinstrand C,H-. NHoCl C,H.. NCI 

‘III 

N 

He also explained tlie instability of the diazo-salts by 
referring to the unusual replacement of three atoms of 
hydrogen by one of nitrogen in an ammonium salt. 

Bloinstrand agreed with Erlenmeyer in adopting the formula 
CijFL,. NBr: NBr^ for diazobenzene perbromide. 

Ill later papers Bloinstrand developed his theory more fully 
in the liglit of recent work and suggested the names:— 

' Azoammoniuin ' compounds for the diazo-talts; ' azo '-com¬ 
pounds for not only tlie stable compounds such as 

but even for potassium diazobenzeiiesulphoiiate, 
C.H-.NrN.SOsK; 

‘ diazo '-compounds for the aliphatic diazo-eompounds of 
Curtins, and ‘ iso-azo ’ compounds for the labile isomerides of 
Hantzsch (see later) and the labile forms of metallic salts and 
liydroxides.^ 

Bloinstrand regarded the unstable azoammoniuin compounds 
as readily undergoing change into the azo-compounds under 
the influence of reagents such as phenols, &e.; for example— 

^ 1875, 8, 51. 

- Acfa Tioq. Soc. Fhyi^iodr. Lioul, 6, 1; J. fa Chnn., 1896, [iib 53, 
169. 
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R.N.C1 

III + C,H,. OK = KOI + R.N: N.CJi^. Oli 
N 

R.N.C1 

and III + K,SO.> = KOI + R.N: N.SO..K. 

N ^ 

He pointed out that a sharp distinction must he drawn 
between the quinqiievalent salt-forming nitrogen atom in tlie 
a; 2 oammonium compounds; and the tervalent non-salt-forming 
nitrogen atom in the azo-compounds. 

Tim chief reason wdiy Blomstrand’s theory of the constitu¬ 
tion of diazo-salts (azoammoniuin salts) was not accepted was 
due to the objection of E. Fischer, who showed tliat this 
constitution did not explain tlm formation of phenylhydra- 
zine, discovered by him in 1875, by simple reduction of a 
diazo-salt."^ 

Fischer pointed out that when diazobenzene niti’ate was 
treated with an equimolecular quantity of potassium sulphite, 
a yellow crystalline salt, CgH.. . SO^K, was formed, but when 

an excess of potassium bisulphite was used, a colourless salt, 
C,H-. N^Ho. SO 3 K, was obtained. The latter, potassium 
phenylhydrazinesulphonate, liad already been prepared by 
JStrecker and Romer in 1871.- 

The former salt had all the properties of a diazo-compound, 
and on treatment with zinc dust and acetic acid passed into 
the latter, which was therefore a product of reductio]i. It 
had no longer the properties of the diazo-compound l)ut was 
converted into this by gentle oxidation. 

On treatment with hydrochloric acid, tlm sulphonie acid 
group wu^s eliminated, and there resulted tlie hydrochloride of 
phenylhydrazine. Strecker and Romer formulated these com¬ 
pounds as follows: 

CoH-. NH.SO 3 K C 3 H,. N.SO.K 


NH N 

Potassium phenylliydimino- Potassium beujsenecliazo- 
sulphonate. sulplionate. 

(Jhe latter formula, it will he noticed, differs from that 
suggested hy Blomstrand.) 

' Ber., 1877, 10, 1331. 


- B^’k, 1871, 4, 784, 
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Fischer pointed out that in order to explain the formation 
of phenylhydrazine from a diazobenzene salt according to the 
Blomstrand tlieory, it would be necessary to assume the 
change of quinquevalent nitrogen into tervalent by tlie addi¬ 
tion of hydrogen, and also the change of tervalent into quin- 
(i[ucvalent nitrogen by the withdrawal of hydrogen, 

y 

C.H^.N.Ol III y 

|| +4H ^ CeH5.NH.NH3Cl 

N 
in 

a procedure which was extremely improbable. 

On the other hand, if we assume that no change of valency 
occurs when phenylhydrazine is formed, we have 

CA.NCI CA.NH,C1 

1 !! — 11 

N NH 

giving for free phenylliydrazine the formula— 

CcH,.NH, 

1 h 

Fischer proved, however, that this formula could not repre¬ 
sent the constitution of phenylhydrazine^ in the following 
way: phenylhydrazine and ethyl bromide unite to form the 
compound 

which is also produced by the addition of ethyl bromide to 
phenyiethylhydrazine. As the latter substance, however, is 
derived from etliylaniline by the substitution of the remaining 
A^-hydrogen atom by the gt’oup NH, and thus possesses the 
constitution 

iSTH 

therefore the compound of phenyiethylhydrazine and ethyl ■ 
bromide must contain the complex > N.NH^, and consequently 
phenylhydrazine itself must be CqH- .NH.NH^ . Fischer thus 


1 Annalen, 1877,190, 67. 
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concluded that its formation from diazobenzene chloride could 
only be explained by the aid of Kekule s formula— 

CuHg.N:NGl C,Hg. NH.NH,C1. 

When the whole question of the constitution of tlie diazo- 
coinpounds was undergoing renewed investigation many years 
later, Blomstrand explained that the formation of plicuyl- 
hydrazine might he expressed as follows— 

+ = ^- + 00?' = R.NH.NH3OI 

Cl 

and pointed out that it was impossible to postulate a double 
linking between the two nitrogen atoms as shown in the 
formula 

C,H,.NH, 

II 

NH 

when complete reduction bad taken placed 

The objections of Fischer, however, as has been said, were 
taken as final, and it was only in 1895 that the formula of 
Blomstrand w\as again adopted. 

It seems suitable, at this stage, to postpone further inquiry 
as to the constitution of the diazo-salts until we have con¬ 
sidered a little more fully tliat of the free diazol^cnzene, for 
the two are very closely connected. 

§ 4- Constitution of diazobenzene hydroxide to 1894.—In 

chapter xiii we have seen that when diazo-compounds arc con¬ 
densed with various substances with the formation of mixed 
azo-compounds, the resulting substances were regarded in 
some cases as true azo-compounds and in others as liydrazpncs. 
It was therefore argued by the workers in this field that the 
original diazo-compound (or rather the liydroxido which might 
be suj^posed to be formed) might also be represented by a 
tautomeric formula— 

R.N:N,OH R.NH.NO 

the former of which would give rise to true azo-compounds, 
and the latter to the hydrazones ^ 

^ Chem., 1896, fii], 53, 176. 

^ V. Meyer, Ber., 1888, 23, 15 ; Japp and Klingemami, Ber., 1891, 24, 
2264; von Pechinann, Ber,, 1891, 24, 3255; Bamberger, 1891, 24, 
3264; 1893, 26,495. 
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It ha8 also been shown that Bamberger’s discovery of the 
diazoic acids lent support to this view^ (p. IIF). 

Further confirmation was adduced by the experiments of 
von Pechmami^ on the action of acetic anlaydride on an 
alkaline solution of diazobcnzene. He found that an acety- 
lated nitrosoamine was formed AvJiich was identical witli the 
nitrosoaniine prepared by 0. Fischer ^ by the action of nitrous 
acid on acetanilide. 

Von Pechmann therefore concluded that primary amines 
by successive treatment witli (1) nitrous acid, (2) acetic 
anhydride, or (1) acetic anhydride, (2) nitrous acid, yielded 
the same product, and that free diazobeiizene was to be regarded 
as the anilide of nitrous acid— 

OH.NO CcH,.NHNO 

Nitrous acid. Anilide of nitrous acid. 

In confirmation of this view von Pechmann showed that 
nitrosoanilides (prepared from an anilide and nitrous acid) 
actually coupled with primary amines and phenols, yielding 
diazoamino- and hydroxyazo-compounds respectively, the 
acetyl group being at the same time eliminated. 

The discovery by von Pechmann and Frobenius^ that the 
methyl ether prepared from the silver salt of _2>iiitrodiazo- 
benzene, to which refei’ence has already been made (p. 114), was 
isomeric with that obtained from the sodium salt of Schraube 
and Schmidt, gave emphasis to the view of the tautomeric 
nature of diazobenzene— 

OcH-.N:N.OH or CoHg.NH.NO 
NO.,. CoH,. N: N.OAg NO,. . NNa.NO 

Silver salfc of P. aud F. Sodium salt of S. and S. 

(See, however, p. 170.) 

Further work bearing on this point was immediately pub¬ 
lished by Bamberger.^ By treating a /3-diazonaphthalene 
solution with concentrated aqueous sodium hydroxide, an iso- 

^ Hantzsch regarded benzeiiediazoie acid as 
OfiHg.N-NOH 


(Ber., 1894, 27, 1730). 

2 Bej\, 1894, 27, 651. 
^ Ber., 1894, 27, 672. 


3 Ber., 1877, 10, 959. 
^ Ber., 1894,27, 679. 
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meric substance was obtained which was called /3-/so-diazo- 
uaphthaleiie, * NH.NO, and did not form an azo-com¬ 

pound with alkaline phenols. When, however, it was sub¬ 
jected to the action of a mineral acid, molecular change took 
place rapidly, and / 3 -diazonaphthalene was regenerated— 

. NH.NO C,oH-. N : N.OH. 

Bamberger drew the following conclusions as to the mecha¬ 
nism of diazotisation. The properties of benzenediazoie acid, 
especially its transformation to o-nitroaniline, led him to 
suggest that the first stage in the process of nitration of a 
primary amine was the formation of a diazoic acid, for he had 
succeeded in obtaining benzenediazoie acid by the action of 
nitrogen pentoxide on aiiihne— 

. NH, + N A . NH.N 0,. 

Similarly, by the action of nitrous acid on a primary amine, 
the first product was the nitrosoamine (ito-diazo-compound), 

CqH, . NH, -h N 2 O 3 G A . NH NO ; 

the ordinary form of diazobenzene, Cf 5 H 3 . N : N.OH, would 
then result by molecular change from this. 

Bamberger found, in confirmation of this view, that under 
certain conditions iiiaaay primary amines yielded the ito- 
diazo-compound as first productd 

Further, these isomeric forms of diazobenzene give (accord¬ 
ing to Eamberger) metallic salts, 

. NK.NO . N: N.OK 

Potassium salt of Potassium salt of 

/^o-diazobenzene. cliazobenzene. 

of which the 'zso-salt (like iso-diazobenzene) does not couple 
with phenols, and is transformed into the normal diazo-salt 
by mineral acids (see, however, p. 167). 


1 Ber., 1894, 27, 1948. 
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CONSTITUTION OF THE DIAZO-COMPOUNDS 
(co iitinuecl) 

§ 1. Constitution of the diazo-compounds according* to 
Hantzsch.—An important contribution to the current ideas 
was next made by Hantzschd 

He introduced the theory tliat the constitution of the 
isomeric diazo-compounds was exactly analogous to that of 
the isomeric oximes, according to wliich the former existed as 
storeoisomeric substances of the general formulae— 

CeH,.N C,H,.N 

II II 

X.N NX 

,^yn, anti. 

Hantzsch pointed out that the development of the chemistry 
of the isomeric diazo-compounds had undergone a precisely 
similar course to that of the ivsomeric oximes; to the isomeric 
diazo-compounds iiad been assigned the formulae 
CoH,. N: N.OH and . NH.NO, 
just as, alter tlie discovery of ‘ iso-benzaldoxime ^ its constitu¬ 
tion was very generally regarded as being structurally different 
from that of the normal oxime, thus— 

C,H,.CH.NH 

C,H,.CH:N.OH ' \/ 

0 

Stable oxime. Labile oxime. 

He showed that the formulae advocated by Scliraube and 
Schmidt, and confirmed by Bamberger, for the metallic diazo- 
compounds—for example, 

CqH, . NK.NO CgH, . N: N.OK 

? 5 o-salt. Normal salt. 

—required that, in the change from normal to iso-salt, the 

' Ber., 1894, 27, 1702. 

T. 
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potassium should wander from the oxygen, for which it has 
an enormous affinity, to the nitrogen which has little attrac¬ 
tion for it. As this transformation takes place, in the case 
of ^j-nitrodiazobenzene, at the ordinary temperature and in 
aqueous solution, the current tlieory of its mechanism could 
not be accepted. Further, all substances which exhibit tauto- 
merism in their salts, such as nitrous, cyanic, hydrocyanic, 
and sulpliurous acids, would also have to be considered as 
displaying structural isomerism in these, but no structural 
isomeric salts had been found the origin of which isomerism 
lay in a dissociable group (H or Me) which could alter its 
position in the molecule. Hence Hantzsch concluded that 
such isomerism must be steric and not structural. The fact 
that structurally isomeric alkyl derivatives had been obtained 
could not be used as a proof of the structural difference of the 
original substances; Schraube and Schmidt had concluded 
that because an iV-ether (I) was formed from the zso-diazo- 
benzene salts and alkyl iodide the oiuginal salt had the 
composition (II) — 

CcH.. N(Alk).NO . NH.NO 

I II 

but this could not he maintained, for if the ?sO“diazobenzenc 
salts were nitrosoamines, their alkyl derivatives ought, l)y 
alkaline hydrolysis, to yield the corresponding nitrosoamines; 
thus CoH,.NAlk.NO should give CeH^,NH.NO, but Bam¬ 
berger had shown that the normal metallic diazo-salt and not 
the i6’o-salt was formed in each case.^ 

The production of an iV-ether from the potassium salt, and 
an 0-etlier from the silver salt (p. 143) of ^j-nitrodiazobenzene, 
found an analogy in the ease of the oximes. 

Hantzsch, therefore, was of the opinion tlxat there was no 
proof of the structural isomerism of the free phenylnitroso- 
amines with the true diazo-compounds, and stated that if 
a derivative of diazobenzene in which the dissociable hydrogen 
or metallic atom was replaced by a non-dissociable group 
should exist in two isomeric forms, of which the one showed 

' Hantzsch himself showed later, however (see p, 170), that in this 
reaction the ?50-salts are actually iDrocluced. 
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the reactions of a true diazo-conipountl (for example, coupling 
with /?-naphthol) and the other those of the ^so-diazo-com- 
pounds, such isomerides would be structurally identical, and 
their difference would be due to stereoisomerism. 

As an example of such isomerism, Hantzsch"^ described a 
series of new diazoamino-couipounds which he regarded as 
stereoisomeric Avitli those already knoAAui; these were, liow- 
ever, soon shown by Bamberger ^ not to have any existence, 
as the substances described by Hantzsch were identical Avitli 
the bisdiazobenzeneanilides of von Pechmann/'^ 

A second example was given, namely, a new (syn) form of 
potassium benzenediazosulphoiiate, which, as will be shown, 
gave rise to a long controversy as to its nature. 

For the purpose of determining which diazo-compounds 
belong to the syn- and Avhich to the cm^i-scries, Hantzsch 
took for example those compounds whicli Avere considered to 
form anhydrides, such as diazosulplianilic acid, diazophenol, kt. 
At that time these were supposed to have the constitution— 

C^.N NOo^C^H^.N 

II “ I II 

SO 3 . N O-N 

Anhydride of diazobeiizenc- Nitrodiazophenol. 

sill phonic acid. 

If Avc now imagine the ring to be broken by addition of 


' 1894, 27, 1857. ^ ^ 1894, 27, 2596. 

^ Ber.^ 1894, 27, 703, This is an exceedingly good example of the 
imporlance of carrying out complete and exhaustive analyses in organic 
research. For ‘ benzene-.^'y^i-diazoanilidc ’ 

CA.N 

II 

CA.NH.N 

Hantzsch gave the following numbers :— 

Found.: C = 72.7, H = 6*0, N = 20-S, 

CiJ-IjiNs requires C = 73-1, H = 5-6, N - 21-3. 

The compound was really bisdiazobenzeneaniJide, 

0A.N:N(N. CA-V)N:N.CoH, or 

which requires 0 = 71*8, PI == 5-0, N = 23*2, for which von Pechmann 
found 0 = 71*8, 72-3; H = 5-0, 5-8; N = 23-5; and Bamberger, 
N = 23*2, 23-17 per cent. 

For ‘jj;-toluene-.s7/7Mliazotoluide ’ Hantzsch gave-- 
Found.: N == 19-5, 

Ci^PIanNg requires N = lS-7, 

whereas the substance really possessed the formula CaJPgiNn, which 
requires N = 20*4 per cent. 

T. 


9 
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water, salt-foriiiatioii, Ac., it is reasonable to suppose that the 
group attached to the nitrogen atom should I’etain its position, 
thus— 


CeH,.N 

I II 

SO, . N 


gives 


CoH,-N 

i II 

SO..H HO.N 


l)ut as all these cyclic compounds readily couple with 
^-naphtliol, it is to he concluded that ordinary diazo-com- 
pounds have a similar configuration, or, in other words, those 
diazo-compounds which combine readily with /3-naphthol 
I'lelong to the syn-series, whilst those combining with diffi¬ 
culty or not at all are a>i^i-coinpoundsd 


Hantzsch at a later date accepted the formulae 


'SO3 

and 0 : Cp,IT4(N02): No for these compounds. This constitution of the 
diazophenols was adduced by L. Wolff {Annalen, 1900, 312, 119 et scq.) 
from the fact that compounds containing undoubtedly the grouping 


N' 


O.C. 

. II 

'N.C. 


had iwoperties rpiite different from the former. On the other hand, 
Klemene {Ber.^ 1914, 47, 1407) put forward the formula 

I 

: N 

whilst Morgan and Micklethwait {Tnois., 1908, 93,602) have pointed 
out that a qainonediazido formula cannot be assigned to the ^;er/~diazo- 
oxides 


0—N, 



obtained from S-amino-T-naphthoI (D R-P. 55404, 62289, 81282, 82900), 
i\nd Morgan^ and Porter {Trans.,^ 1915, 107, 645) have proved that 
internal «i-diazo-oxicles do not exist and have shown that the earlier 
repi’esentation of 0 -, p-, and ^^erZ-diazo-oxides, for example, 


must be accepted as correct. 


N:N 

N:N 

O.N:N 

fY 

1 1 


TY^i 

\/ 

y!i 


\A/ 
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Hantzscli explained the fact that many diazo-coinpouiidw, p, 
when left for some time in alkaline Eolution, lose their power 
of coupling with /3~naphthol by saying that the sj/a**compound 
(alkali-labile) was transformed into tlie a'jn^i-compound (alkali- 
stable) as follows: 


syn, anti. 

Another method of determining the configuration of the 
isomeric diazo-conipounds was drawn from the analogy to 
the oximes. In this class of compounds intinmoleeular change 
proceeds only in the case of the & 2 /'^^-compounds, so that only 
the diazo-coinpounds belonging to the same series could 
decompose according to the equation— 

CoH5.N2.X = CeH,,X4-N,. 

The diazo-compounds which correspond with this condition 
are the normal compounds, so these were to be regarded, 
according to Hantzsch, as syn-com^o\mds. 

The decomposition thus takes place as follows: 


CoH,.N 


SO3 . N 


+ H,0 


CcH,- 


-N 


SO,H HO.N 


+ KOH 


. N 


SO 3 K N.OK 


C.llr, .N 

Xi.N 


OeH, 

I +N„ 

X 


On tlie otlier hand, the a?^^'i-colnpounds have a tendency to 
decompose into two residues, each containing a nitrogen atom, 
thus— 


oa-N 


N.X 


OAtN: + :NX 


In this connexion it is interesting to note that of the three amino- 
phenolsulphonic acids 


Otl 

OH 

OH 






Unh, 

SOsH 

NH, 

S 03 H , 


the first gives a diazo-oxide, whilst the second and third give diazo- 
sulphonates (Morgan and Tomlins, Trans., 1917, 111 , 497). 
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In this way Haiitzscli explained the formation of nitroso- 
benzene by the oxidation of the -/so-diazo-compounds— 

C H N 

“ "'ll +0 = C 0 H 5 .NO + NOH 
N.OH 

A third method of distinguishing* between the h,yn- and 
a'Ji^i-compounds was to be found in their difference in ex- 
plosibility, the normal or syn-diazo-coinpounds being much 
more explosive than the cwi^Z-compounds. 

It is to be mentioned here that Hantzsch regarded diazo- 
benzene chloride as a sya-compound, 

II 

C1.N 

but soon adopted another view (see p. 156). 

Hantzsch’s main conclusions were, therefore, that the 
ordinary normal diazo-compounds were syTi-diazo-compounds, 
and the so-called iso-diazo-compounds (nitrosoamine formula) 
were a^i^z-diazo-compounds. Bamberger^ in criticising these 
views of Hantzsch, denied that it was possible to draw a 
parallel between the stereoisomeidc oximes and, the isomeric 
diazo-compounds. He based his objections on the very great 
difference between the latter, a difference which was greatly 
in contrast to the very small one existing between the oximes, 
and which could not be due to stereoisomerism. Moreover, 
the isomeric oximes gave corresponding isomeric ethers, but 
from the diazo- and iso-diazo-silver salts only the one normal 
ether was obtained with methyl iodide. 

He maintained that the difference between the normal and 
the 'iso-diazo-compounds was best explained by the prei^ence 
of the labile hydrogen atom (*) — 

CeHg. N: N.OH* . NH* NO , 

Normal. ho. 

Further, the objection of Hantzsch that in the normal and 
'Zs'o-potassium benzenediazo-oxides 

CgH- . N: N.OK and . NK.NO 

Normal. ho. 


1 Ber , 1894, 27, 2582. 
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ifc was unlikely that tlic potassiiun atom should leave the 
oxygen and become attached to the nitrogen atom was met 
by Bamberger by the reminder that many compounds con¬ 
taining the imino-group —for example, azoimide and benzimin- 
azole—readily dissolve in alkali, and he pointed out, also, that 
the positive group C(.H-. N^ in the salt C^jH,^. N^. OK greatly 
lessened the affinity of potassium for the oxygen atom, just 
as in potassium oxide, K.O.K , one potassium atom is easily 
removed. 

As was briefly indicated above (p. 146), it was obviously of 
great importance in connexion with Plantzsclds stereochemical 
theory to adduce evidence of the existence of isomerides other 
than those cajDable of being explained by the j)resence of 
a labile hydrogen atom which could give rise to isomerism as 
shown by the formulae— 

CcH,. N: N.OPI and . NH.NO. 

Hantzsch^s first example of stereoisomeric diazoamino- 
benzones was, as already mentioned, shown to be based on an 
error, and considei'able interest, therefore, was attached to the 
otlier example of stereoisomeric benzeiiediazosulphonates. 

Isomeric benzenediazosulplionatesd —It has been already 
explained fp. 64) that by treating diazobenzene chloride witli 
neutral potassium sulphite, potassium benzenediazosulphonate 
is formed (‘Strecker’s salt’). In 1894 Hantzsch^ described 
a new isomeride which he obtained by pouring diazobenzene 
nitrate solution into an ice-cold solution of neutral potassium 
sulphite containing an excess of potassium carbonate. Orange 
jplates separated which were readily soluble in water and con¬ 
tained one molecule of water of crystallisation. The substance 
was very unstable, and coupled readily with /3-naplithol, and 
Hantzsch assigned to it the syn-conBguration — 

0,H,.N 

II 

SO3K.N 

The clear dark-yellow aqueous solution of this new sub¬ 
stance gradually became paler on keeping, and crystals of 

^ These must not be confused with the salts of diazobeiizenesulphonic 
acid prepared by diazotising siilphanilic acid. 

Ber., 1894, 27, 1726. 
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the Strecker salt separated out. This was much more stable 
than the s 2 /a“Compound, and gave no colour reaction at all 
with alkaline phenol solution. It w;is, therefore, the anti- 
eompound. 

Bamberger considered ^ that the isomeric benzenediazo- 
sulphonates of Hantzsch 

O^H^.N C„H,.N 

SO3K.N N.SOsK 

syn. anti. 

might just as well be represented as 

. N: N.O.SO,K and CeH.. N: N.SOJv 
Potassium diazobeuzene Potassium benzenediazo- 

sulphite. sulpbonate. 

in view of the fact that Hantzsch’s new salt gave all the 
reactions of a sulphite, and he maintained that Hantzscli had 
not proved that the two were stereoisomerides. 

He showed also that Strecker’s salt, on acidification, did 
not pass into the diazo-salt as did zso-diazo-compounds. 

The same view of the constitution of tliese salts was ex¬ 
pressed by Claus.^ 

In reply to this criticism, Hantzsch*^ showed that botli 
modifications gave the same ions, (C(.Hr,. N^SOa) and K, in 
solution, so that they must both have the structure 
CgHg. N 2 . SO 3 K; he pointed out, further, that the sulphite 
reaction showed only that the new salt decomposed readily 
with separation of sulphurous acid, just as does the compound 
Hg(S 03 Kj 2 , which in aqueous solution gives the three ions— 

Hg(S03),. K, K. 

He maintained that a diazo-sulphite, C<>Hjj. N 2 .0.SO^K, must 
give three ions in solution and not two, although Ostwald 
had informed Bamberger^ that only two ions, namely, 

— + 

(C 3 E 3 N 2 SO 3 ) and K, 

were to be expected according to analogy. 

' Ber., 1894, 27, 2586, 2930. 

J. pr. Chem., 1894, [ii], 60, 239. 

’ Ber., 1894, 27, 2099, 8527. 

^ Ber., 1894, 27. 2984. 
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Up to tlii.s point we may BuiuuuiriBe the evidence as proving 
the existence of two isomeric compounds, . N.^. (SO Jv). 
As we have seen, Hantzsch supposed tluit only one consti¬ 
tutional formula was possible for these, and that the sub¬ 
stances were therefore stereoisomeric Other formulae have, 
however, been advocated, but tJie discussion of tliese must be 
postponed until the constitution of the diazo-salts (chlorides, 
&c,) has been more fully dealt with (p. 163). 

Isomeric diazo-cyanides. —In 1895 Hantzsch aiid Schultze 
succeeded in preparing iKSomeric diazo-cyanides by the action 
of potassium cyanide on 2 ^-ehloro- and _ 2 ^-nitro-diazobeiizene 
chloride solution.^ 

A little more than tlie tlieoretical quantity of potassium 
cyanide is added to the hydrochloric acid solution of tlie 
diazo-salt, and care must be taken that sufficient iiydrochloric 
acid is jDresent to ensure an acid reaction at the end of the 
operation. 

At a low temperature (below — 5°) the primary, syn, or labile 
compound is obtained, whilst at liigher temperatures the 
secondary, anti, or stable compound is produced. 

Both compounds are coloured, crystalline, and almost in¬ 
soluble in water, and tlie labile variety passes into the stable 
form slowly in tlie solid state but quickly in alcoJiolic 
solution. The labile isomeridcs couple with /3-naphthol, and 
are explosive, wliilst the stable do not possess these pro¬ 
perties. 

The two compounds behave very differently when treated 
with copper powder; the ^'j/n-coinjoounds derived from both 
jfj-chloro- and 2 J-nitro-aniline yield p-chlorobenzonitrile and 
p-niti’obenzo]iitrile respectively, whilst the a'n^i-compounds 
are entirely without action. Further, the ^?/?^-compounds 
yield azo-dyes with R salt, but the a^aiii-compounds do not. 
There are tlius substantial chemical differences in the behaviour 
of these substances which are not usually met with in stereo¬ 
isomeric compounds (see p. 150). 

Hantzsch regarded these differences, however, as merely 
showing that the one compound was more stable than the 
other, and considered the existence of these substances to be 
' Ber,, 1895, 28, 666. 
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a proof of liis stereochemical theory, formulating them as 
CLC,H4.N CLCcH^.N 

II II 

CN.N N.ON* 

Labile (si/n). Stable {anti). 

As in the case of the isomeric cliazosulphonates, we have 
first to discuss the later development of the theory of the 
constitution of the diazo-salts with mineral acids before 
describing the criticism to which these two series of isomerides 
have been subjected. 



CHAPTER XIX 


CONSTITUTION OF, THE DIAZO-SALTS AFTEE 1894 

§ 1, Constitution of the diazo-compounds according to 
Bamberger.— In 1894 Bamberger^ stated that, in tlie diazo¬ 
salts, the radicle (CgHrj. N^) is strongly positive, and that even 
negatively substituted diazo-salts, such as bromo- and nitro- 
diazobenzene nitrates, showed a neutral action towards litmus 
or Congo-red, and were not hydrolytically dissociated in 
solution. He suggested, tJierefore, that the formula 
CcH-.NiN.X 

was worth consideration. Shortly afterwards,'^ he pointed out 
that there were no compounds known in which tervalent 
nitrogen was combined with a negative complex, such as 
NO., Cl, etc., to form a salt. Hence he concluded that the 
nitrogen atom united with such groups in the diazo-salts must 
be (iuimjuevalent, and therefore that Kekul^’s formula 
C,H,.N:NOb 

which was commonly accepted, could not be correct. 

He adopted instead of this, or the one just referred to, the 
old formula suggested by Blomstrand (p. 138), CgH^. NCI: N, 
for the diazo-salts with mineral acids. 

When the negative group was withdrawn from this (by 
formation of the hydroxide, for exami)le) the nitrogen atom 
to which it was attached became tervalent, thus— 

CoN,. N (OH); N Gfi, . N: N.OH. 

Diazobenzeiie. wo-diazobenzene. 

It will be noticed that Bamberger here proposed a formula for 
the iso-compounds differing from the nitrosoamine formula, and 
a convincing proof of the correctness of this formula for the 
iso-diazo-compounds was apparently given by the discovery 

1 Ben, 1894, 27, 3417. ^ Ben, 1895, 28, 242. 

^ Ber., 1895, 23, 444. 
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that those were formed hy the action of hydroxylamiuo on 
the iiitroso-compoundSj thus— 

CoH,. NO + H^N.OH = CcH„. N : N.OH + H.O ^ 
but Hantzseh ^ showed tliat, in reality, the normal compound 
was formed as follows: 

C„H,. NO + H.NH.OH = jj 

C„H,.N.OH C^H^.N 

I -> II +H, 0 '' 

HO.N.H HO.N 

Bamberger’s view of the constitution of the diazobenzene 
salts was not at first accepted by Hantzseh,^ wlio maintained 
that diazobenzene chloride in the dry state possessed the con¬ 
stitution (I), and when dissolved in water Avas to be regarded 
as the hydrochloride of s^/a-diazobenzene hydi.'oxide (II)— 

C,H,.N C,H,.N 

II II 

CIN HO.N, HCl 

(I) (H) 

Very soon, however, Hantzseh gave up the latter idea and 
adopted Blom strand's formula for the diazo-salts. He pre¬ 
ferred also to call these ' diazoniuin ’ salts, from their analogy 
to the ammonium salts.® 

Bamberger had shoAvn that the diazo-salts had, like tlie 
alkali salts, a neutral reaction in solution. That the diazo-salts 
are electrolytically dissociated in solution had indeed been 
demonstrated by Goldschmidt in 1890, who also found that 
they form two ions;® and Hantzseh now made a careful 
comparison of the electrical conductivities of various diazo- 
salts and salts of the alkali metals, and was able to show that 
the degree of ionisation is about the same in tlAC two cases; 
that is to say, diazoniuin salts are dissociated almost to the 
same extent as the coiTesf)onding potassium or ammonium 
salts. 


1 Bamberger, Ber,, 1895, 28, 1218. 2 1905 , 38, 2056. 

^ Compare also Angeli, Ber,, 1904, 37, 2390. 

^ Ber., 1895, 28, 676. ® Ber., 1895, 28, 1734. 
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Further analogy was illustrated by HantzscliA discovery of 
various double salts of the diazo-salts with cobalt nitrite, 
mercuric chloride, and mercuric cyanide. 

Having thus developed the idea of ^ diazoniuui ’ as a com¬ 
plex alkali metal, Hantzsch agreed with Bamberger in regard¬ 
ing the salts of ‘ diazonium ’ with acids as possessing the 
constitution which had been attributed to them by Blora- 
strand, Erlenmeyer, and Strecker, namely, CgHg. NCI • N, 

The metallic salts, cyanides, sulphonates, &c., belonged to 
the ordinary ' diazo ’ form ; for example, C^H^. N: N.OK could, 
as we have seen, exist in two stereoisonieric modifications. 

The cyclic diazo-compounds were divided into two gi'oups. 
On the one hand, Hantz-^ch assigned to the diazo-coinpound 
prepared from sulphanilic acid the formula which had been 
already given to it by Strecker, namely, 

N=N 

c,h/\o 

so, 

and the diazo-pliciiols and iiaphtliols, which ai’o anhydrides, he 
regarded as possessing the formulae 

N N 

^ind C,„h/)>N 

O 0 

respectively. 

To this pronouncement of Hantzsch, Bamberger replied 
that the diazonium radicle is not directly comparable with an 
alkali metal, as its behaviour varies with the substituting 
group in the aromatic nucleus. Moreover, the electrical con¬ 
ductivity expeidments of Goldschmidt and Hantzsch were not 
a trustworthy basis upon which to speculate as to the nature 
of diazonium.^ 

Hantzsch now elaborated bis arguments in favour of re¬ 
garding the diazonium radicle as a ^ compound alkali metal ’ 
of the same strength as ammonium or potassium. He pointed 
out that the alkali salts of all strong monobasic acids, such as 
hydrochloric, sulphuric, all undergo very extensive electro- 


' Ber., 1896, 29, 446, 564, 608. 
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lytic dissociation in solutions of moderate dilution, but are 
not hydrolytically dissociated. The dissociation and mole¬ 
cular conductivity are only very slightly increased by furtlier 
dilution, and the increase ceases at a point of very moderate 
dilution; the salts of silver and thallium behave similarly, as 
do also salts of complex ammonium bases, such as mono-, 
di-, tri-, and tetra-alkylammonium and phenyltrimetliylam- 
monium, but not phenylamnionium, the ion of the aniline 
salts. Now the diazoniuin salts behave in exactly a similar 
manner,^ so that there was strong pi*esumptive evidence 
that diazoniuin was constituted similarly to tlie complex 
ammoniums.^ 


§ 2. Relation between diazonium compounds and normal 
or sya-diazo-componnds.—Hantzsch’s theory tliat the mjn- 
diazo-compounds are those which 'couple’ with phenols, Ac., 
to yield azo-dyes led him to explain that these 8 ?/ 7 ^-compounds 
were formed as intermediate products in the ordinary re¬ 
actions of the diazo-salts. The coupling process was thus 
represented— 

R C„H,, R 

I I 

= N=N 
+ XH 

Tlie formation of the diazo-metallic &c., was cx]iroRScd 
as follows: 


I 

NiN + 

I 

X H 


OK SO,K 

N:N + 

I 

NO, K K 


CiN 
c^c. = 
K 


OuHr, 

N-= 


OK (SO,,K) 
N 


+ KNO,. 


(ON) &c. 


and the decomposition of the diazoniuin salts was exphuned 
similarly— 








' Ber., 1895, 28, 1737. ^ ^ 1395 ^ 28,1740; 1898, 31, 1612. 

Ber, 189.5, 28, 1784; 1900, 33, 2517. 
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Uiazosulphanilic acid, when treated 'sxdtli one molecule of 
alkali, passes into the mono- and with two molecules of alkali 
into the di-alkali salt, thus— 

CcH,. N; N S03Na.C,H,. N S03Na.C,H,. N 

I I -> II -> II 

SO 2 —0 HO.N NaO.N 

This view of the intermediate formation of sy 7 i“diazo-com- 
pounds in the reactions of the diazonium salts received con¬ 
firmation from the experiments of Hantzsch and Gerilowski,’^ 
who showed that whereas free diazosulphanilic acid is fairly 
stable in aqueous solution, the primary alkali salt obtained 
by the action of one molecule of alkali, under the same condi¬ 
tions, lo^es practically all its nitrogen, thus— 

SOyNaO^tU. N S03Na.C,H, N 

II - ■ I +111 

HO.N OH N 


It is evident that the nature of the decomposition of the 
diazo-salts is different from tha,t of the ammonium salts, for 
if the two resembled each other, one would expect that as the 
group attached to the diazonium radicle becomes less nega¬ 
tive the stability of the salt would deci’ease just as 
NH 4 CI, (NH.^) 2 CO.j, and NH^. OH decrease in stability. 

This is, however, not the case, as solutions of diazonium 
carbonates are comparatively stable. Moreover, one would 
expect also that diazonium halogen salts, if they decomposed 
in aqueous solution analogously to the ammonium salts, would 
yield halogen-substituted benzenes and not phenols. 

Hantzsch explained this difference by assuming the inter¬ 
mediate formation of syn-diazobenzene hydroxide, which then 
could decompose into nitrogen and phenoh— 


ca.nci:n-hh.o ^ 


C,H,.N N 

II I + III 

HO.N OH N 


1 Ber., 1896, 29, 1063. 
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The action of alcohol was explained in this way : 
(1) Formation of ethers— 


Ar OEt 

I 

N:N + 

I 

Cl H 


Ar OEt 

I i 

N 


N 


CIH 


Ar.OEt 

NiN 

CIH 


(2) Formation of hydroearhons— 


Ar H 

n:n+ 

I 

Cl OEt 


Ar H 
NIN 

ClH + C^Hp 


§ 3. Douhle salts of diazoninm haloids and metallic salts. 

—Double salts of diazo-haloids with platinum and gold 
chlorides have been known since the days of Gi’iess and a 
large number of others have since been prepared.’^ 

Hantzsch has further shown ® that two kinds exist, namely, 
colourless, stable, diazonium halogen double salts and coloured, 
labile, sya-cliazo-halogen double salts. 

For example we have— 

. N.Cl, HgCU C„H,. N, Cu,Cl, 

III and II 

N C1.N 

Certabi of the diazo-lialoids can also unite with halogen 
acids to form additive compounds of formulae 

Ar-N^Cl, HCl and SAr.N^. Cl. HCl,* 

the constitution of the former being represented by Hantzsch 
as 

Ar.N.Cl 

111 

C1.N.H 

and the latter being regarded as compounds of two molecules 
of the neutral and one of the acid salt. 

’ Antimony trichloride also forms doable salts with diazo-chlorides of 
the type, .N^Cl, SbClj (May, Trans., 1912, 101, 1037). 

= Ser., 1895; 28, 17.36. Hantzsch, Ber., 1897, 30, 11.53. 
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§ 4. Diazoniuni lialoids and 62/?^-^ia,zo-lialoids. — Hantzi^jch 
found that all diazo-bromides, iodides, and thiocyanates which 
belong to the same series as colourless diazonium chlorides 
and salts of* oxygen acids are coloured when in the solid state; 
with increase of colour is noticed an increase in the exj)losi~ 
bility. Thus we have 

Diazo-clxloidde. Diazo-bromide, Diazo-thiocyanate. 

Colourless. ^ Sliglitly coloured. ‘ Strongly coloured. 

Hardly explosive. Slightly explosive. Very explosive. 

Diazo-iodide. 

Intensely coloured. 

Extremely explosive. 

As diazonium salts should be, like tlie corresponding alkali 
and ammonium salts, colourless, and as, on the other hand, syii- 
diazo-haloids, from analogy to the coloured s?/7Z-diazo-cyanides, 
should be coloured, and also, as being compounds of the type 
of nitrogen iodide, would be expected to be exj^losive, 
Hantzsch ^ concluded that the properties of the above seines 
of compounds were only to be explained by the assumption 
that they consist of an equilibrium mixture ^ of colourless 
diazonium haloids and coloured sT/^^-diazo-haloids, thus— 

Ar.N (Br, SON, I) Ar.N 

111 ^ II 

N (Br, SON, I) N 

the chlcfrides belonging entirely to the diazonium series, and 
the cyanides to the s?/a-series. 

The proportion of syn-dmzo-com'pomid in the mixture 
becomes less with a lowered temperature,"^ for at — 60° many 
diazo-haloids are nearly colourless and become more intensely 
coloured with rise of temperature. In the colourless aqueous 
solutions, of course, the 67/?i-compound has becoine entirely 
transformed into the diazonium isoineride. 

§ 5. Diazonium perbaloids. —Griess found that two bromine 
atoms in diazobenzene perbromide are more loosely combined 

’ Be)\, 1897, 33, 2179. - Ber., 1900, 33, 2179. 

3 Euler, Ber,, 1895, 31, 4168. 

U 
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than the third; the compound was therefore regarded as 
having the constitution . N: NBr, Brg. 

Kelmle suggested that it could be looked upon as a tri- 
bromohydrazine,'^ , NBr.NBrg, and Erlenmeyer wrote 

it as 

C.H,,NBr 

111 

NBr, 

Hantzsch has prepared a large number of these perhaloids,^ 
thus— 

ArNo. CkBr ArNo. Br 3 ArN^. I 3 

. Cl J ArN,^. Br,Cl ArN,^. I,C1 

ArN^.BrJ ArN^.I^Br 

ArN^.ClBrl 

and regards them as analogous to potassium tri-iodide, caesium 
tri-iodide, and the trihaloids of the quaternary ammonium 
series. 

§ 6. Relation between syn- and an/^i-compounds.—The rate 
of isomerisation of syn-- to a'^T/ii-diazo-compounds depends 
largely on the substituents present in the aromatic nucleus. 
Methyl groups hinder the rate, whilst halogen atoms increase 
it. Thus the transformation is very difficult to bring about 
in the case of trimethyl- and methoxy-benzenediazo-oxides, 
whilst in the case of the unsubstituted benzenediazo-oxide, 
C 3 H 5 . Ng. OK, it proceeds quickly above 100 *^. I'he j^-bromo- 
derivative, on the other hand, is isomerised at boiJing point, 
the |:>“Sulpho-derivative, SO 3 K . . Ng. OK, slowly at the 

ordinary temperature, and the tribromo- and ^j-nitro-deriva- 
tives, OQH 2 Br 3 . . OK and NO^. . OK, instanta¬ 

neously, so that the syTi-salt cannot be isolated. 

In the case of the diazo-sulphonates it is the alkylated 
derivatives which isomerise more quickly than the parent 
substance, whilst the p- and o-halogen substituted derivatives 
of the syn series are relatively stable.'*^ 

^ Compare Chattaway, Trans., 1909, 96,862; 1915,107, 105 : Forster, 
ibid., 260; Hantzsch, Ber., 1915, 48, 1344. 

2 Ber., 1895, 28, 2754; Froehlich, D. R-P. 87970. 

^ Hantzsch and Schmieclel, Ber., 1894, 27, 3071, 3530. 
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Similarly among the sy^^-clia 2 JO“Cyanides the o- and/^-halogen 
substituted derivatives are fairly stable, and the parent sub¬ 
stance, OijHg. N^. ON, has not been isolated. 

The presence of tiie nitro-group greatly increases the rate of 
isomerisation in all the above series of ?/ 7 ^-compounds. 


§ 7- The isomeric diazo-sulphouates and diazo-cyanides.— 

Having explained Hantzsch’s views as to tlie constitution of 
the diazonium salts, we can now resume the discussion of the 
constitution of the cliazo-sulphonates and diazo-cyanides which 
were described on pp. 151, 153. 

The formulae given by Hantzsch to these compounds 
C„H,.N 0„H,.N 

II . II 

SOyK.N N.SO 3 K 

Labile salt [si/n). Stable salt (anti). 


C„H,.N 

II 

CN.N 

Labile (si/n). 


CAL;^N 


N.CN 
Stable (aidi). 


were objected to by Bamberger ^ and Blomstrand,^ who did 
not accept the stereochemical hypothesis. These chemists 
assigned the following formulae to tlie above substances— 

. N(S03K) :* N C.R ,. N: N.SO^K 

Labile (normal). Stable (iso). 


C,H 5 . N(CN} : N C 3 H 5 . N: N.CN. 

Labile (normal). Stable (iso). 

the formulae for the two sulplionates having already been 
suggested by V. Meyer and Jacobson,^ to which these authors 
have adhered in succeeding editions of their book. 

Bamberger regarded the quinquevalency of nitrogen in the 
diazonium salts as being dependent on the negative character 
of the group with which the diazonium radicle was united. 
Thus when these groups were Cl, NO 3 , SO^H, the nitrogen 
atom was necessarily quin que valent. This condition was still 
maintained by the SO. 3 K and CN groups, but owing to their 


1 Be?'., 1895, 28, 242, 447, 834. 

2 J. pr. Chem., 1896, [ii], 63, 169; 1897, 65, 481. 
^ Lelirhiicli der onganischeii Chemie, II. 303. 
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small negative cliaracter the labile salts could pass into the 
stable salts (the nitrogen atom becoming tcrvaleiit) with 
extreme ease. 

Hantzsch^ reiterated his objection to this view of the consti¬ 
tution of the diazo-sulphonates from the fact that these salts 
are only dissociated into two ions, namely, Ar.Ng. SO.j and K, 
whilst if they possessed the diazonimn constitution they would, 
according to Ihm, be expected to yield three ions, namely, 
Ar.No, SO.J, and K, corresponding with the behaviour of potas¬ 
sium sulphite, which gives the ions K, K, and SOg.^ Further, 
he pointed out that the colour of the normal diazo-sulphonate 
(red) was another argument against Bamberger s view, as 
benzenediazonium salts with colourless anions (aS SOy) were 
colourless. 

A further argument against the stereochemical view of 
the isomerism of the diazo-sulphonates was adduced by 
von Pechmann. ^ 

He pointed out the fact that both the groups SO^H and ON 
themselves could give rise to isomerism. In order to find 
a. group free from this objection, von Pechmann ^ selected the 
diazo-salts of benzenesulphinic acid, . N:N.S02. C^H., 

which had been prepared by Koenigs.”^ 

In whatever manner this salt was prepared, it was impos¬ 
sible to discover the existence of an isomeride; this was also 
true of the _2>nitro-derivative, NO^. . N:N.S02. OgH-, and 

von Pechmann concluded that these facts militated against 
Hantzsch's theory. 

Hantzsch and Singer ^ also prepared a number of these 
additive compounds, but were unable to detect tlie existence 
of isomerism. The supposed isomerism of the diazo-thio- 
sulphonates ® was shown by Dybowski and Hantzsch to 
have no foundation in fact.® 


^ Ben, 1895, 28, 676. 

“ See however Ostwald’s opinion, p. 152. 

Ben, 1895, 28, 861. ^ Bn\, 1877,10, 1531. 

Ben, 1897, 30, 312. 

TrOger and Ewers, J. pr. Cliem., 1900, [ii], 62, 369. 

Ben, 1902, 35, 268. 

Compare also Hantzsch and Glogauer, Ben, 1897,30, 2548; Hantzsch, 
Ben, 1898, 31, 636. 
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With regard to the constitution of the dia^^o-cyanides, 
Haiitzsch ^ insisted that a diazonium cyanide, A r.N{CN} f N, 
must be similar to an alkali cyanide, but as the normal diazo- 
cyanides were coloured, sparingly soluble in water, and soluble 
in organic solvents, they could not have the constitution attri¬ 
buted to tliein by Eamberger and Blonistrand. 

Finally, Hantzsch and Danziger “ succeeded in preparing 
a third series of cyanides by treating a diazonium chloride 
with a suspension of silver cyanide. The insoluble yellow 
s^?i-diazo-cyanide is also formed in this reaction, but the filtrate 
contains a soluble double cyanide with silver cyanide, which is 
considered by Hantzsch to be a true diazonium derivative. 
These substances are soluble in water and colourless and 
resemble the alkali cyanides, and are therefore diazonium 
cyanides. 

The formation of these double diazonium cyanides led 
Hantzsch to the hypothesis that the sparingly soluble ?^-diazo- 
cyanides may exist in solution in a state of equilibrium with 
the isomeric diazonium salt, and a study of the diazo-cyanides 
derived from ^>anisidine confirmed this idea.'^ ^j-Metlioxy- 
benzenediazoniuni bromide and chloride with potassium 
c^uxnide in alcoholic solution yield the sya-diazo-cyanide (I), 
an orange red, insoluble substance, melting at 51*^, and coupling 

Me0.aH..N MeO.Cyi,.N 

II II 

ON.N N.GN 

(I) (11) 

with ^-naphthol. This changes slowly into the anti-HVili (II), 
which is brownish red, melts at 131°, and does not couple with 
/3-naplitlioL 

(Certain sya-cyanides are difficult to convert into the anti- 
modification. Thus that derived from 2:4: 6-tnbromoaniline 
must be combined with benzenesulphinic acid to form tlie 
additive product CgH^Bry. NH.N(CN).S0.2. O^H^, which on 
treatment with alkalis yields the cyanide.) 

When, however, an aqueous solution of 2 >uiet]ioxybenzene- 

1 Ber,, 1895, 28, 668. ^ Ber., 1897, 30, 2529, 

3 Ber,, 1900, 33, 2161; 1901, 34, 4166. 
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diazonium liydroxide is evaporated with excess of liydrogen 
cyanide at the ordinary temperature, a colourless crystalline 
substance is obtained which has the composition 

IleO . CoH,. N,. CN, HCN, SH^O. 

This possesses all the properties of a true metallic salt, it is 
very soluble, and its solution is an electrolyse. It couples with 
/S-naphthol, and is converted into the .sya-diazo-cyanide by the 
action of alkaline solutions. 

There can thus be prepared from ^>-aiiisidine three different 
diazo-cyanides, namely— 


MeO.C,H,.N:N 

I 

CN 

Colourless, soluble 
electrolyte. 


MeO.OcH,. N 
II 

CN.N 

Labile, colouiecl 
non-electrolyte. 


MeO.CoH,.N 

II 

N.CN 

Stable, coloured 
non-electrolyte. 


The isolation of these three isomerides was regarded by 
Hantzsch as a very strong proof of his stereochemical theory, 
as Bamberger’s theory could only account for two of thern.’^ 

It is, however, highly significant that in the two >series of 
isomeric diazo-compounds, the cyanides and the sulphonates, 
both groups attached to the diazo-nucleus should themselves 
be capable of giving rise to isomerism. As regards the 
cyanides, it has indeed been suggested ^ that Hantzsch’s 
syn-compound has the constitution Ar.NiN.NC, and the 
anifi-compound Ar.N :N.CN. (See also p. 164) 

This view would seem to be confirmed by the observation 
of Hantzsch and Schultzethat both series give the same 
{anti) diazobenzenecai'boxylic acid, Ar.N: N.GOgH, for the 
former compound would be expected to undergo transforma¬ 
tion into the latter. According to the stereochemical theoiy 
the labile syji-compound would pass into the more stable anti- 
cyanide before hydrolysis. Moreover, Hantzsch has offered 
no proof against this obvious view ; he contented himself 
with stating that neither of these compounds was an iso- 
cyanide. 


^ Another way of accounting for these is exj)lained on p. 190. 

- Orton, Trans., 1903, 83, 805. « Ber, 1895, 28, 2073. 
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§ 8. Constitution of the metallic diazo-oxides.—Afc the 

beginning of 1895 Bamberger's views on the constitution of 
diazo-compouncis up to this time had been as follows: The 
diazo-salts were to be represented by the Blomstrand formula— 

CpH,.NCl:N. 

The normal, labile diazo-compounds (coupling with phenols) 
had the constitution . N : N,OX. 

The iso-diazo-compounds (nitrosoamines, not coupling witli 
phenols) were . NH.NO or OgH.. NX.NO, X being a 
metal such as K, Na, &c., but a little later he represented 
them as being divided into two groups, namely, (1) normal 
diazo-compounds (of diazonium type, . NOl • N); (2) iso- 
diazo-compounds (of azo-type, . N : N.OH). 

Bamberger was led to this change of view by his work on 
the interaction of niti;osobenzene and hydroxylamine,’^ from 
which he supposed that the stable form of diazobenzene 
hydroxide was formed according to the equation 

. NO -h : N.OH = . N : N.OH + H^O, 

but, as we have shown (p. 156), in reality the normal or labile 
modification is produced. 

The controversy existing in the years 1895 to 1897 be¬ 
tween Hantzsch and Bamberger mainly resolved itself into 
a discussion of the constitution of the metallic diazo-salts. 
On the one hand, Hantzsch strove to prove that they were 
stereoisomeric by means of pliysical measurements (electrical 
conductivity, &c.), whilst, on the other, Bamberger maintained 
that their differing chemical characteristics were sufficient 
evidence that they differed in constitution. 

In 1895 Hantzsch and Gerilowski ^ prepared a labile form 
of the sodium salt of diazobenzenesulphonic acid, 

NaO.Ng. OgH, . SOgNa, dH^O, 

the stable isomeride having been already obtained by Bam¬ 
berger. This new labile form is obtained by treating the 
diazotised sulphanilic acid mixed with water with concen¬ 
trated aqueous sodium hydroxide at 0°. It forms white, silky 


' Ber., 1895, 28, 1218. 


^ Ber., 1895, 28, 2002. 
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needles, has a strongly alkaline reaction, and couples instantly 
with j3-iiaplitlioL It becomes changed into the stable iso- 
nieride (which contains no water and does not couple with 
/3-naphthol) by heating with water. Tlie labile salt in aqueous 
solution forms three ions, as docs the stable salt; according to 
Hantzsch, if it were a diazonium compound it should form 
four ions. 

In the following year Bamberger asserted that Hantzsch's 
conclusions as to the stereoisomerism of these two salts could 
not be maintained, as they Avere based on inaccurate observa¬ 
tions of their behaviour.^ 

Further work was, however, done by Plantzsch. Tire deter¬ 
mination of the electrical conductivity of the two salts ^ 
showed that at moderate dilution (^hg-Vg^) the conductivity 
was the same in each case. Whilst, however, the increase in 
the conductivity of the stable salt from V 32 to Vj^o-i corresponds 
with the theory for sodium salts of dibasic acids not hydroly¬ 
tically dissociated in aqueous solution,*^ a fact which si lows 
that the stable salt is not hydrolysed, the conductivity of the 
labile salt from Vjgs increases very rapidly, thus showing that 
the labile salt has become hydrolysed, forming 

NaSOa . OgH, . N 2 . OH and NaOH. 

The solution also has an alkaline reaction, whilst tliat of tlie 
stable salt is neutral. The conclusion is, therefore, tliat both 
diazo-complexes possess acid properties, that of the labile salt 
being the weaker. The difference between tJie two salts is 
thus only a gradual one, and consequently Hantzsch con¬ 
sidered that they were stereoisomeric, assigning to them the 
constitution— 


HaSOg.CGH^.N 

II 

NaO.N 


NaSOs.CGH^.N 

II 

N.ONa 


Similarly, the ciyoscopic researches of Goldschmidt^ showed 
that both the normal {syn) and the iso {anii) potassium ben- 
zenediazo-oxides possessed the same number of ions in aqueous 


^ Ber., 1896, 29, 564. 

" Zeitsch. physilml. Chem., 1894, 13, 222. 
* BtK, 1895, 28, 2020. 


“ Bcr., 1896, 29, 743. 
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solution, and this was likewise considered to be a proof of 
Hantzscli s view of* their constitution. 

Bamberger,^ on the other hand, maintained Jiis view that 
the two compounds were to be formulated— 

C,H,.N.OK 

II C,H,.N:N.OK 

N 

Labile (normal). Stable (iso). 

To Hantzseh's criticism that there existed no alkali metal 
the hydroxide of which possessed acid properties, Bamberger ► 
denied that diazonium was a compound alkali metal, and held 
that the hydroxide Avas comparable neither wdth tetrainethyl- 
ainmonium hydroxide nor wdth potassium hydroxide. 

Bamberger’s examples of chemical differences betw^een the 
normal and the ?so-salts, namely, that the iso-salt was reduced 
by sodium amalgam to phenylhydrazine and the normal not,^ 
and that the iso-salt was converted into the normal salt wdien 
treated wdth benzoyl chloride, whilst the normal salt gave 
nitrosobenzanilide,*^ wmre both shown by Hantzsch^ to be 
based on error, as he obtained both phenylhydrazine and 
nitrosobenzanilide ^ in equal amounts in the two cases. 

Later, however, Bamberger ^ became convinced that a 
diazonium hydroxide could not act as an acid, and gave up 
the diazonium configuration for the normal metallic salts. 
He now regarded the metallic diazo-salts as existing in the 
two forms: (1) normal metallic diazo-salts (or diazotates), 
Ar(N 20 K), of unknowui constitution ] the normal diazo¬ 
hydroxides, howmver, were, according to him, 

Ar.N:NH Ar.N-N.H 



and (2) w-diazotates, Ar.NrN.OK. 

More recently he has accepted Hantzseh’s steric formulation 
of these compounds.'^ 

^ Ber,, 1896, 29, 457. 

- Ber,, 1896, 29, 473. ^ Ber, 1897, 30, 211. 

Ber, 1897, 30, 339. 

« Ber, 1897, 30, 621; 1899, 32, 1718. 

^ Annahn, 1900, 313, 97. 


^ Ber, 1912, 45, 2055. 
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§ 9- Diasso-etlxers. —As has been explained (p. 114), von 
Pechmann and Frobenins ^ discovered that the sodium salt of 
_ 2 )~nitrobeiizenediazo-oxide (iso-compound of Schraube and 
Schmidt) gave with methyl iodide a nitrogen ether, 
N02.0oH,.N(CH3).NO, 
but that the silver salt yielded an oxygen ether— 
NO^.CcH^.NrN.O.CHa. 

On this account they considered that nitro-iso-diazobenzene 
hydroxide was a tautomeric substance — 

NO 2 . CcH^. NH.NO or . N : N.OH. 

They regarded the oxygen ether, therefore, as a normal diazo¬ 
compound (although it was derived from the iso-salt), as it 
combined witli phenols like diazo-salts, and the nitrogen 
ether as the iso-compound. 

Hantzsch ^ regarded the oxygen ether as an an.^z-eompound, 
but experiments by Bamberger ^ and von Pechmann and 
Frobenins ^ confirmed the resemblance of tins compound to 
the normal diazo-salts and its difference from the aaii-com- 
pounds. Moreover, a large number of similar ethers were 
prepared by Bamberger,^ and these were also found to react 
as normal compounds; on hydrolysis with alkalis tliey yielded 
normal metallic derivatives. Shortly after, Bamberger con¬ 
sidered that tlie diazo-ether ought to be regarded as an iso¬ 
compound, and Hantzsch and Wechsler found that 2 -)-bromo- 
diazobenzene ethyl ether yielded the anti-oxidQ on hydrolysis. 

Some time later, as the conflicting views on this subject had 
not been entirely reconciled, Euler ® investigated the matter 
afresh. By careful experiment he found that the product of 
hydrolysis of diazobenzene methyl ether, as well as p-bromo- 
diazobenzene methyl ether, reacted as did a normal diazo¬ 
compound, but Hantzsch was able to show that the coupling 
with a-naphthol, on which these experiments were based, was 
due to a secondary reaction, and that, in fact, the iso {anti) 
compounds were produced on hydrolysis. It appears, there- 

^ Ber„ 1894, 27, 672. 

2 Ber., 1894, 27, 1865, 2968. 

‘‘ Ber,, 1895, 28, 170. 

« Ber., 1895, 28, 829. 

^ Be)\, 1903, 36, 2503. 


- Ber., 1894, 27, 3412. 

Ber., 1895, 28, 225. 

^ Annctlen^ 1902, 325, 226. 
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fore, tliat von Pechuiaiiii’.s oxygen ether l)elbngs to the iso- or 

§ 10. Diazo-anhydrides. —In 1896 Bamberger ^ discovered 
tliat when normal metallic diazo-salts are treated with cold 
dilute acetic acid, extremely explosive, yellow diazo-anhydrides 
are formed. These cannot be obtained from the ?sc-salts, 
which yield colourless hydroxides under similar conditions, 
and this difference was considered by Bambei'ger to be 
anotlier proof of the structural difference of the two. 

Tlie diazo-anhydrides may also be prepared in some cases 
by treating a diazonium salt with a normal metallic diazo¬ 
salt. They couple slowly with phenols, yield oxygen ethers 
witli tlie alcohols, and react explosively with benzene, yielding 
diphenyl derivatives. With alkalis they yield the correspond¬ 
ing normal salt, and mineral acids convert tliem into diazonium 
salts. 

With amines, diazoamino-compounds are obtained; with 
ammonia, bisdiazoamino-compounds ; and with bromine, diazo- 
pcrbroniides. 

Bamberger was of the opinion that their constitution was 
to be represented b}" 

RN.O.N.R 

III III 

N N 

but Hantzsch ^ considered that they were more probably 
represented by B.N: N.O.N: N.Ih He found later ^ that 
the diazo-anhydrides readily yield 6 . 2 /ri-diazo-eyanides on 
treatment with hydrogen cyanide, and pointed out that the 
anhydrides dissolve very slowly in hydrochloric acid to foiin 
diazonium chlorides—facts which confirmed his theoiy of 
their azo-constitution, 

Bamberger later suggested the formula 
RN.O.N:N.R 


1 Hantzsch, Ber., 1903, 36, 3097, 4361; 1904, 37, 3030; Euler, Ber,, 

1903, 36, 3835. 

2 Ber., 1896, 29, 446. 

3 Be}\, 1896, 29, 1074; 1897, 30, 626. 

4 Ber., 1898, 31, 636. 


Be?'., 1898, 31, 2636. 
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but tliis was rejected by Hantzscli on the ground that, the 
b^/i'i-diazodiydroxide being an extremely weak acid, such a 
diazoniuin diazo-oxide should be imstantly decomposed by 
acids. 

From the fact that the diazo-anhydrides yielded syn- 
diazo-cyauides with hydrogen cyanide and iij/'^^^diazo-sulpho- 
nates with potassium sulphite, Hantszch adopted the syn- 
formula— 

N.R R.N 

11 11 

N-O-N 

§ 11. Diazo-hy dr oxides. —Up to tlae year 1898, although 
the existence of isomeric metallic diazo-oxides was witliout 
doubt, the free diazo-hydroxides corresponding with these had 
not been prepared. 

From the great similarity of the diazonium salts to the 
ammonium salts, Hantzsch drew the conclusion that a corre¬ 
sponding diazonium hydroxide should be capable of existence, 
which would of course make a third isomeric hydroxide, 
having the constitution . N(OH) i N. He succeeded in 
obtaining an aqueous solution of this by treating diazobenzene 
cliloride with silver oxide (see p. 116). Determination of the 
electric conductivity of the solution ^ showed that the affinity 
constant of the base at 0 ° is seventy times greater than that 
of ammonium hydroxide, and is a little greater than that 
of piperidine. The affinity constants of methoxybenzenedi- 
azoninm hydroxide and 'i/A-cumenediazonium hydroxide are 
even greater, and are very close to those of the alkali 
hydroxides. 

The effect of introducing halogens into the aromatic nucleus 
is shown in the following table:— 

k = velocity constant. 

G 0 H 5 .N 2 .OH. 0-123 

Br.C 5 H 4 .N 2 . OH. 0-0149 

(2 : 4) Br 2 : C 5 H 3 . N 2 . OH . . . 0-0136 

(2:4:6) Br 3 :C 5 H 2 .N 2 . OH . . 0-0014 

^ Hantzsch and Davidson, Biy,, 1896, 31, 1612. 
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A comparison of tlic electrical conductivity experiments 
with tlie results obtained in the hydrolysis of ethyl acetate 
by benzenediazonium hydroxide indicates that, in 1/128 
A-solution at 0°, about 33 per cent, of the base exists in the 
ionised condition. The ionisation observed in the hydrolysis 
experiments is greater than that determined by the conduc¬ 
tivity experiments, and this shows that the electrolytic 
dissociation is entirely due to the reaction 


C,H,.N2.0H ^ C«H,.N:N + OH 
and not to the electrolysis of a diazonium sya-diazo-oxide- 
0,H,.N,0.N,.C,H, 

II 

N 


§ 12. Condition of the non-ionised diazonitim hydroxide.— 

The solution of benzenediazonium hydroxide, when treated 
witli alkali hydroxides, generates an appreciable 'amount of 
heat, and thus behaves as a weak acid, Tliis reaction is also 
indicated by determinations of the electrical conductivity of 
the diazonium hydroxide solutions when treated witli one, 
two, or more molecular proportions of sodium hydroxide. 

Hantzsch and Davidson explain this by assuming that the 
non-ionised part of the diazonium liydroxide exists in solution 
in a hydrated form (I), which, with alkali hydroxide, loses 


0,H5-N.0H CA-N OA.N 

I II II 

HO.N.H HO.N NaO.N 

(I) (II) (III) 


water, giving the sya-diazo-hydroxide (II), and this tlien 
furnishes the sodium salt (III). 

Diazonium hydroxides are consequently known only in solu¬ 
tion, and the existence of syn-diazo-hydroxides is doubtful. 


§ 13. Constitution of iso (anti) diazo-liydroxides. —In 

1899 Hantzsch enunciated his theory of pseudo-acids, a term 
applied to neutral compounds which, under the influence of 
alkalis, yield stable salts. Thus, for example, phenylnitro- 
inethane, CeH 5 .CH 2 .NO 2 , is stable, neutral, and a non- 
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electrolyte, but with alkalis it changes to the isomeric form 
CqH- . CH : NO.OHj which forms stable salts, thus— 
OgH-.CHrNO.OK.' 

An examination of the properties of the metallic anti-&vAm- 
oxides showed that the solution obtained by treating them 
with an equivalent amount of hydrochloric acid has a neutral 
reaction, and, conversely, when this solution is treated with 
an equivalent quantity of alkali, the product is neutral. The 
substance obtained, therefore, by treating the diazo-salt with 
acid has the properties of a pseudo-acid,^ and is best repre¬ 
sented as being a primary nitrosoamine— 

R.N "1.N “ 

II II ^ E.NH.NO 

N,0K N.OH stable nitrosoamine 

— ■— (pseudo-acid). 

fln//-diazo-oxide. Labile (acid). 

In this, it will be noticed, Hantzsch adopts the older view, so 
long combated by him, of the tautomeric form of the iso- 
diazo-hydroxide, with the exception that he adheres to the 
a7i^i-configuration for the labile form. 

Hantzsch and Pohl^ claimed to have prepared these anti- 
diazo-hydroxides and also the nitrosoamines in the solid 
condition, and stated that ^ the nature of the so-called iso- 
diazo-hydroxides is now definitely elucidated'. This work, 
however, cannot be regarded as having any bearing on the 
point, as one example dealt with by Hantzsch and ’Pohl, 
namely, the conversion of the metallic a72.^/-salt of 2:4; 6-tri- 
bromodiazobenzene into the nitrosoamine, was shown by 
Oi'ton ^ to be quite inaccurate. Orton found that the sub¬ 
stance described as the nitrosoamine by Hantzscla and Pohl 
was in reality a mixture of the quinonediazido, 



(see p. 79), and a hydroxyazo-compound.^ 

^ Ber., 1899, 32, 575. 

^ Hantzsch, Schumann, and Englex*, Ber, 1899, 32, 1703. 

3 Ber., 1902, 35, 2964. 

^ Proc. Roy. Soc., 1902, 71, 153; Trans., 1903, 83, 796. 

^ Compare also Hantzsch, Ber., 1903, 36, 2069; Orton, Trans., 1905, 
87, 99 ; Orton and Reed, ibid., 1907, 91, 1559. 
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This proof, of course, must be held to throw grave doubt 
on the correctness of the other cases mentioned by Hantzbch 
and Pohl, especially as Hantzsch has admitted that 2:4: T-tri- 
bromophenylnitrosoamine is unstable and cannot be isolated 
free from other substances in an analysable condition. Orton's 
work thus shows that no nitrosoamine is formed under the 
conditions used by Hantzsch. 



CHAPTER XX 


OTHER VIEWS OF THE CONSTITUTION OF 
THE DIAZO-COMPOUNDS FROM 1895 

§ 1. Constitution of tke coloured diazo-salts of Jacobson. 

—In 1895 Jacobson^ examined the diazo-salts of p-amino- 
diplienylamine which had been first prepared by Iknta.^ 
These diazo-salts are distinguished by their great stability 
and by their yellow colour, in consequence of which Jacobson 
assigned to them the constitution— 

CeH,.NAH4-N,HX 

Hantzsch investigated the reactions of these compounds, 
pointing out that other coloured diazo-salts were known 
which had undoubtedly the normal constitution, namely, the 
diazo-salts of di-iodobenzene, diazofluoren, diazophenanthrene, 

He showed that Jacobson^s diazo-salts had a neutral reaction 
and were thus similar to the ordinary diazo-salts, whilst 
a compound of the above formula would be expected to 
undergo hydrolytic dissociation and therefore show an acid 
reaction. The salts were therefore considered by Hantzsch to 
possess the constitution .NH.CqH^ .NX i N. 

By the action of potassium hydroxide, however, no corre¬ 
sponding metallic salt was formed, but an explosive compound 
insoluble in water, having the formula j which was 

evidently an anhydride of the diazo-hydroxide, 
0,H-.NHC6H,.N,.0H, 
and to which Hantzsch gave the formula (I) 

1 Annalen, 1895, 287, 131. ^ Annahn, 1898, 272, 282. 

^ Compare also Morgan and Wootton, Travs., 1907, 91, 1311; Morgan 
and Alcock, ihkl., 1909, 95, 1319 ; Morgan and Couzens, ihid.^ 1910, 87, 
1691; Morgan and Micklethwait', 2557. 
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C„H,.N:C„H 


(I) 


■‘\- 


•N 

II 

■N 


0:CA< 


(H) 


/N 

II 

"N 


eoiTesponding with Wolff’s formula^ for the quinonediazicles (II). 


§ 2. Constitution of diazo-salts according to Walther.— 

A formula for diazobenzene chloride was proposed by Walther 
in 1895,^ but has not hitherto found acceptance. 

Walther, in endeavouring to explain the fact that the same 
product is formed by the interaction of diazobenzene chloride 
and bromoaniline, on the one hand, and bromodiazobenzene 
chloride and aniline, on the other, suggested that nitrous acid 
might be supposed to contain quinquevalent nitrogen, and 
represented the formation of diazobenzene chloride by the 
equation— 

CflH.. NH 3 CI + N-Co == 0 „H.. NH.,Cl.Nf OH 

00 . \h \h 

= CcH.. NHCl: NH: 0 + H,0 

this representing diazobenzene ehoride only in aqueous solu¬ 
tion. The hydroxide would hence be CjHg. N: NH: 0, and 
chazoaminobonzene OoHj. N: NH: N . OgHg, thus providing an 
explanation of the fact referred to above. 


§ 3. Constitutiou of diazo-compouuds according to Briihl. 

—The question of the constitution of the diazo-corapounds 
has been attacked by Briihl from the point of view of tlieir 
refractive powers.'* 

It was fonnd that the refraction of the Ng group in the 
diazo-compounds is 8-41, or about 3-4 higher than that of the 
same group in the primary hydrazines. 

In azoxybenzene the value for the NjO group is 11-9, wliilst 
that calculated on the assumption of a single linking between 
the nitrogen atoms is 7-5, so that Briihl regards azoxy¬ 
benzene as a compound of the .structui'e— 

CA.NrN.OA 


/N.C,H, 

0 '{ iil or 




■N.O,H« 


0 


^ Annalen, 1900, 312, 126. 

“ J. pr. Cliem,, 1895, [ii], 61, 528, 581. 

^ ZeitBch. pliijsikaL Chem., 1898, 25, 577, 26, 47. 
N 
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The normal diazo-oxicles are looked upon as being constituted 
similarly to the nitrosoacyl compounds, and the formation of 
diazobenzene from nitrosoacetanilide is written— 

>N< 1 + NaOH = OH 3 . CO.Na + >N< | 

CH^.CO^ ^0 “ 

Normal cliazo- 
benzone. 

CA\ 

>N< 1 OuHs.N:N.ONa 

Na-^ 

Normal diazo-oxide. /so-diazo-oxide. 


Diazonium salts, however, have the Blomstrand formula 
CqH. . HClN. Jj^>]S^itrodiazobenzene methyl ether (compare 
p. 170) has the constitution NO.^.CqH^.N:N.OM e and is an 
•iso-compound. 

Finally, benzenediazoic acid is regarded as possessing the 
nitroamine constitution— 


O 

C«H,.NH0N 

o 


§ 4* Constitution of tlie diazo-compounds according to 
DobHe and Tinkler.—Dobbie and Tinkler^ attacked the 
problem of deciding the constitution of the isomeric diazo- 
compounds by observing their ultra-violet absorption spectra. 

The two forms of benzaldoxime had previously been shown 
to exhibit identical spectra, so that isomeric substances, differ¬ 
ing only as do the benzaldoximes, should also give identical 
spectra, but distinct ones if they were structurally isomeric. 

Diazo-sulpkoiiates.—The potassium benzenediazosulpho- 
nates were found to give identical spectra, which would he 
expected if the substances had the constitution assigned to 
them by H^intzsch, namely— 

OA.N 0„H,.N 

II and II 

SO,K.N N.SO 3 K 


^ Trans., 1905, 87, 273. Compare also Hantzscli and Lifscliitz, Ber.. 
1912, 45, 8011; 1918, 46, 414 ; Cain, ibid., 101. 
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Diazo-cyanides.—The diazo-cyanicles prepared from 
dine and ^^-chloroaniline were examined; both of these pairs 
of isomerides gave almost identical spectra, so that here again 
the syn- and a^ 7 ti-configuration would account for this. 

The solution of the diazoniuiii cyanide, OMeUgH^. N (ON); N, 
gave an entirely different spectrum. This compound is there¬ 
fore structurally isomeric with the other two. 

Diazo-oxides.—Tlie potassium benzenediazo-oxides were 
found to give quite diffci'ent spectra, and the conclusion is that 
they are structurally isomeric. The nitrosoamine formula for 
the more stable salt would account for this diffei’ence, and it was 
found that the spectrum of this salt and that of phenylmetliyl- 
nitrosoamine, .N (CH 3 ).NO, were in complete agreement, 
a fact which points to the formula CgH-.NK.NO as the 
correct one for the stable salt. 

It was further discovered that a very dilute solution of the 
labile compound had a spectrum agreeing closely with that of 
diazobenzene chloride, and this a 23 pears to indicate that the 
original comj)Ound changes into a third modification, having 
the constitution of a true diazonium compound— 

CeH 3 .N(OK):N. 

Sulphobenzenediazo-oxides.— The potassium and sodium 
compounds obtained from diazotized suljDhanilic acid by the 
action of alkali hydroxide were also examined. These gave 
similar results, as in the preceding case; the spectra were 
different and tliey are therefore structurally isomeric and not 
stereoisomeric. 

Ap 2 )lying the reasoning used by Dobbie and Tinkler in the 
preceding case, these com^munds would consequently possess 
the constitution— 

KSO 3 . C,ll ,. N,. OK KSO 3 • C 3 H,. NK.NO 

Labile. Stable. 

§ 5. Constitution of the diazo-compounds according to 
Armstrong and Bohertson,—Aimistrong and Robertson, in 
1905,^ in discussing the question of the relation of colour to 
constitution, considered that the yellow colour of 2 )henylazo- 

1 Trans., 1905, 87, 1280. 

N 2 



180 


THE DIAZO-COMPOUNDS 


ethane, . N : N.O 2 H 5 , is conditioned by the presence of the 
group GgH-. N: N. alone, the ethjd radicle not being known 
as a chromogenic centre in any other case. Arguing from 
this, they concluded that all compounds of the form 

C 0 H 5 . N : N.X 

should be coloured, and consccpiently that only coloured diazo¬ 
compounds can be represented by such a formula. Armstrong 
and Robertson call the above compound ' phenyidiazoethane 
but it belongs to the azo-group just as much as does azoben- 
zene, C^H-. N : N.CyH^^. Moreover, there are great chemical 
differences between the coloured diazo-compounds 

C 3 H 5 .N 2 .X 

and the azo-compounds, CcHg. . R, where X is an acidic 

group and R is an inert group, and, to take an example, 
according to the above reasoning, if coloured diazo-compounds 
of the formula OoH-. N: IST.X unite readily with phenols, &c., 
to form azo-compounds, one should expect all compounds 
containing the group CgH^ . N : N. to give the same reaction, 
which of course they do not. It is therefore not correct to 
compare the two in the way Armstrong and Robertson have 
done. These authors, from the above reasoning, deny that the 
syn- and ariti-foTmulsiQ can represent the coirstitutions of tl'ie 
labile and stable metallic diazo-compounds respectively, and 
adopt the nitrosoamine formula R.NK.NO for the latter. 

For the colourless diazo-salbs the diazonium formula is 
advocated as being the only alternative one which, at the 
time, could be devised. The isomeric sulplmnates and cyanides 
are considered to be represented by the formulae— 

R.KSO3K RNiN.SOsK 

111 Stable. 

N 

Labile. 

and R.N.CN R.N: N.GN 

III Stable. 

N 

Labile. 

In the case of the cyanides, Hantzsch's sj/^i-com pound is 
regarded as a mixture of the diazonium salt and the anti-salt. 
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Ill a similar way the labile metallic compounds are assigned 
the diazonium configuration, whilst the stable compounds, 
which, being colourless, could not be written R.N; N.OH 
according to the authors’ reasoning, are considered to be 
further hydrated, R.N(OH}.NH(OH) or R.NH.N(OH)„ and 
tliese diazo-hydrates, on dehydration, Avould give rise to the 
isodynaniic nitrosoamines, thus— 

RN(OH).NH(OH} -> RN.NH 



R.NH.N(0H)2 R.NH.NO. 

Which of these is the parent substance of the '/so-compounds 
is considered to depend on the colour or non-colour of pure 
nitrosoamines. 

These views provoked a vigorous criticism by Hantzsch,^ 
who pointed out that both coloured and colourless azo-com¬ 
pounds exist in the aliphatic series, for example, the deep-red 
azo-dicarboxylie ester, CO^R N: N.CO 2 R, and the colourless 
azo-iso-butyric acid derivatives, CRMe^.N: N.CRMe^,^ and in 
tlie aromatic series, the nitrodiazo-ester 

N02.C,H,.N:N.0.CH3^ 

is quite colourless. 

He maintained, therefore, that the presence of the grouji 
.N : N. was no reason why a compound should be coloured. 

The diazonium formula for the normal diazo-oxides and 
Armstrong and Robertson’s proposed formulae for rhe iso- 
diazo-oxides had previously been shown to be unsatisfactory, 
and, as the s 2 /^^"^li^ 2 :o-cyanides and sulplioiiates are more 
intensely coloured than the anii-ioriiis, the former could not 
consist of a mixture of the latter with a colourless diazonium 
salt. 

^ Pi'oc,, 1905, 21, 2S9. - Thiele, AnnaleKj 1806, 290, 1. 

‘‘ von Peclnnann, JBer., 1894, 27, 672. 
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A REVIEW OF THE VARIOUS THEORIES OF THE 
DTAZO-COMPOUNDS TO 1907 

It is evidently an impossible task to reconcile all the 
conflicting theories of the constitution of diazo-compounds, 
and although some of them may be dismissed at once, others 
must receive careful consideration. 

In spite of the immense amount of work done in this field 
of research by Hantzsch and his pupils, it cannot be said that 
the stereochemical theory is generally accepted—there are 
many evidences in chemical literature which point to this 
conclusion. On the other hand, the alternative view of 
structural isomerism has several exponents, but no comuion 
ground has apparently been reached. 

We shall therefore endeavour to sum up the princij)al 
points connected with the diazo-corapounds, which are im¬ 
portant in arriving at a theory of the constitution of these 
compounds. 

§ 1, Constitution of the diazo-salts (diazonium salts),— 

There is fairly general agreement that the formula of 
Blomstrand represents the constitution of the diazo-salts 
better than that proposed by Kekule. The existence of a 
salt-forming nitrogen atom in the diazo-complex makes it 
necessary to assume that one nitrogen at least is quinquevalent. 
Moreover, it would appear most probable that this nitrogen 
atom is the one attaclied directly to the aromatic nucleus, for 
otherwise we should arrive at the formula . N | NCI, 
wliich, postulating as it does a quadruple linking between 
the two nitrogen atoms, is unlikely. We thus airive at the 
conclusion that in diazobenzene chloride there is a union 
between the phenyl group and a quinquevalent nitrogen atom, 
which is linked to a univalent chlorine atom and united witli 
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a second nitrogen atom. This union may be indicated by 
a dotted line thus— 

C,H,..N-^Cl 

Nin 

It is very important to observe, liowever, that the facts 
referred to do not prove anything more than this; that is to 
say, tliey do not indicate the 'number of bonds between phenyl 
and quinquevalent nitrogen or between quinquevalent and 
tervalent nitrogen. It has, however, been generally considered 
that the union between phenyl and quinquevalent nitrogen is 
one linking, whilst that between the two nitrogen atoms is 
three, thus — 

Ccl-I—N-^Cl 

■ 11 

There is, however, another and, in the opinion of the 
author, a better way of arranging these linkings (see p. 186). 

§ 2. The labile and stable isomeric diazo-compounds.—In 

studying the properties of these compounds it is impossible 
to avoid the conclusion that the labile or normal compounds 
resemble the diazonium salts most closely. The similar 
behaviour with regard to the formation of azo-compounds, 
the instability, the probability that, in many cases, equilibrium 
mixtures or solid solutions of the two exist, and the re¬ 
semblance of the two absorption spectra all point to this 
direction. 

The constitution of the labile salts should therefore be more 
closely allied to that of tire diazonium salts than to that of 
the stable salts. Probably for tliis reason V. Meyer and 
Jacobson, Blomstraiid and others, regarded the labile com¬ 
pounds actually as diazonium compounds. 

It seems, however, probable that Hantzsch’s reasoning 
against this view as regards the metallic compounds (p. 158) 
is correct, that is to say, they are not diazonium derivatives. 

In this connexion the view's of BruhUas to the close 
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relationsliip between the constitution of the normal metallic 
diazo-componnds and the nitrosoacyl compounds arc to be 
noted, and it seems likely that the true constitution of the 
former may be similar to that of the latter, although nob 
assuming the form assigned to them by Brlihl, and that the 
formulae of tlie nitrosoacyl compounds may be tautomeric 
Avith those of the corresponding diazo-acetates. Such a new 
formulation of the nitrosoacyl compounds, however, cannob be 
suggested up to the present. 

We arrive, therefore, at the conclusion tlaat neither the 
actual diazonium formula CqH. . N(OK) i N nor the sT/n-diazo- 
formula 

CA-N 

II 

KO.N 

really represents the constitutions of these compounds. 

The labile sulphonates are also probably not diazonium 
compounds, but the arguments against the possibility of them 
being sulphites are not so strong, and this is one of the 
reasons why the stereochemical theory is not accc 2 :)ted witli 
regard to this case. 

Hantzsch’s argument against the snljoliite constitution is 
principally that a diazo-sulphite would form three ions whilst 
the sulphonates give rise to only two ions. This- argument 
has been recorded in many text-books without, however, the 
important fact being added that Ostwald has stated (p. 152) 
that a diazonium sul^ohite would give rise only to two ions. 
Here, therefore, the possibility of the normal sulphonates 
being really sulphites cannot be regarded as excluded. 

In the case of the labile diazo-cyanides we are met with 
a similar uncertainty as in the case of the sulphonates, namely, 
the possibility of isomeric change in the added group. So 
long as it is not j)roved that the labile diazo-cyanides cannot 
be isucyanides it cannot be maintained that they are syn- 
compounds. 

Turning now to the stable or iso-compounds, most of tlie 
work done points to the nitrosoamine formula for the metallic 
comj)ounds, CQlTrj. Nlv.NO, and there seems to be a consensus 
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of opinion that the iso-diazo-hydroxides, cliazo-cyanideSj and 
sulphonates have the azo-constitution— 

C,H-. N : N.OH 0,11 ,. N : N.CN C,T1,. N : N.SO 3 H. 

From what has been said previously it will be evident that 
the existence of a special (69i^z-configuration of these compounds 
depends on the simultaneous existence of the corresponding 
syiz-componnds, which, as has been shown, cannot be regarded 
as liaving been definitely proved to possess this constitution. 



OHAPTEE XXII 


THEORY OF THE CONSTITUTION OF THE 
DIAZO-COMPOUNDS SINCE 1907 


In 1907 a new theory of the constitution of cliazo-coni- 
pounds was put forward,’ which not only explains the reactions 
of the diazo-eouipounds more readily than any of its pre¬ 
decessors, but also serves to throw light on some phenomena 
hitherto left unsolved. Perhaps the most striking reaction of 
the diazo-salts (diazonium salts) is the readiness with which 
the whole of the cliazo-nitrogen is eliminated. There are no 
examples in the literature of singly-linked nitrogen being 
otherwise than firmly attached to the benzene nucleus and 
requiring energetic treatment for its liberation. 

There are, however, cases where nitrogen, when attached to 
the benzene nucleus by two bonds, is most readily eliminated, 
one of the most striking being that of quinonechloroimide— 

0:<( y-.NGl 

Here, as in the ease of the diazo-salts, the nitrogen is split off 
siDiply by heating the compound with water to 100°. 

This reaction, showing the great difference in behaviour of 
nitrogen attached by one and two linkings respectively to the 
aromatic nucleus, is obviously of much importance in arriving 
at a decision as to the manner in which nitrogen is united 
with the aromatic nucleus in diazo-salts. 

It appears almost certain, from this analogy, that an atom 
of nitrogen in these salts is attached to the aromatic nucleus 
by two linkings. This idea at once leads us to a {juinonoid 
configuration of the diazo-salts, tlms— 



ComiDare Hantzscli, 1908, 4L 

35S2; 1909, 42, 394, 2137; Cain, 1208, 4189; Euler, Hml,, 3979. 
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wliicli conforms to tlie re(];uirements of these salts in that the 
nitrogen attached to the benzene ring* is qninquevalent, 
and, of course, it explains more satisfactorily than does the 
BlomstrancI formula the ready elimination of diazo-nitrogen. 

An obvious criticism is that, with a single linking between 
the tervalent nitrogen atom and the para-carbon atom, one 
should expect that, on reduction, the double linking between 
the nitrogen atom would break and a para-diamine result. 
This objection would be a weighty one were the tervalent 
nitrogen united to a carbon atom simply (as in the case of 
aniline) instead of to the CH group. This fact is of much 
importance, for that a great difference in stability exists in the 
two cases has been proved by E. Buchner. In his researches 
on the action of diazoacetic ester on unsaturated acid esters^ 
this chemist found that the group * CH: N; N always became 
converted into the group : C: N.NH, and it may be concluded 
therefore that the latter group is more stable than the former. 

We have, however, in the new formula for diazo-salts (I) 


:0:N:N.CH 

(II) 


the same group (II) 
N- 


OJN 


<z> 

(I) 


'H 


in whieli, from the above work by Buchner, we may reason¬ 
ably conclude that the linking ; N.CH is more unstable than 
the lin kin g : C: N, and would be the first to be ruptured in 
any reaction tending to destroy the configuration. 

The first stage, therefore, in such a reaction can be repre¬ 


sented by 


N- 


II 

GIN:/ 


=Xh 


N— 



\/ 

/\h 


and the quinonoid formation having been thus disturbed, the 
ordinary configui*ation is resumed when the reaction pi'oceeds 
to the next stage (reduction, formation of azo-compounds, 
elimination of nitrogen, drc.). 

^ Ber, 1894, 27, 868, 877, 879; see also Curtius, Bc}\, 1896, 29, 767. 
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The ordinary reactions of the diazo-saJts are thus satisfac¬ 
torily explained. 

All the work of Hantzsch and liis collaborators on the nature 
of the radicle ‘diazonium^ as has been shown, indicates 
that this acts like a compound alkali metal, the acid radicle 
attaching itself to the quinquevalent nitrogen atom. 

It is quite obvious that in this respect no difference can be 
detected between 

V V 

CcH^.NiN and C,H,:N:N 

I_i 

so that Hantzsch’s results are equally applicable to the new 
formulation of ' diazonium 

We shall now consider some phenomena in diazo-chemistiy 
which have hitherto remained unexplained by any of the 
former theories. When we compare ^^-phenylenediamine and 
benzidine 

we find a great difference in their behaviour towards nitrous 
acid. The former is converted into the tetrazo-compound only 
with difiSculty and under special conditions, but the latter 
changes with perfect readiness. According to the Blom strand 
or Kekuld formula this cannot be explained, but light is 
thrown on the mechanism of the reaction by the following 
considerations. Benzidine, when tetrazotised, becomes 



but the first stage in diazotising 2J-phenylenediainine must 
give a coinjDOund of formula— 



We now obtain a compound containing an amino-group, 
which is in tlie pai^a-position with respect to a carbon atom, 
all of the affinities of which are satisfied, and therefore it 
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cannot link up with a second nitrogen atom. This explains 
why the tetrazotisation does not proceed normally! Under 
the special conditions necessary, however (see p. 25), the 
linking between the aininic carbon atom and the tervalent 
diazo-nitrogen atom is broken, thus— 



\:NC1 

/ 11 


—N 


and now the airiino-group can ])e diazotised, for its added 
nitrogen atom unites with the corresponding nitrogen atom 
of the first diazo-group— 



There are also several ^J-’diaraines in which only one amino- 
group can be diazotised, thus— 


NH, 


\/ 

NH, 


NH^ 

i^bcO^H 



NH, 




Here tlio same explanation as that given for the case of 
_ 2 ?-p]ienylenediamine probably holds good, but the para-hnking 
may be rendered more stable by the presence of the acidic 
groups, and hence it does not break to allow the diazotisation 
of the second amino-group to take place. This is, however, 
broken when an azo-compound is formed, so that the second 
amino-group may now be readily diazotised. 

It is evident that, according to this theory, diazo-salts cannot 
be formed where a quinonoid configuration is precluded, so 
that we can now explain why the compounds 


NIL H 

\/ 

HV/\/ 

H 


and 


NH, 

/\/\. 


\/V 
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NHa H 


do not give diazo-salfcs, whilst the compounds 

NH, 
^H 

and 


N 


are readily diazotised. 

In this connexion, also, we see that it is impossible for 
aliphatic amines to yield diazo-salts, thus 

OH,.NH, CH:N, 0H,.N,C1 

[ gives ( and not I 

CO.Et CO,Et CO,Et 

Isomeric diazo-compounds. —The hydroxide corresponding 
with diazobenzene chloride would, on the above formulation, 
have the constitution— 


H 


i\=/ 


:N.OH 


-N 


It is evident that the hydroxyl group may migrate to the 
other nitrogen atom now that the quinqnevalency of the first 
nitrogen atom is not supported by the presence of an acidic 
group. We thus arrive at the formula 






:N 

I 

-KOH 


which, from its close connexion with the previous one, is an 
exceedingly probable one for the normal (syn) diazo-compounds 
(metallic salts, and, supposing that the normal cyanides and 
sulphonates are not ^socyanides and sulphites respectively, 
for these also). 

The great x*esemblaiice existing between the normal diazo- 
compounds and the diazonium salts is very readily explained 
by this formula. The more energetic means necessary to 
produce the iso-diazo-eompounds naturally tend to destroy the 
bieyclic system here shown; accordingly tlie change from 
normal to iso-compounds occurs thus— 
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H 




:N 


1 -N(QH) (CN) (SO^H) 

^.N:N( 0 H)(CN)(S 03 H), 

arriving in a very natural inanner at the most probable formula 
for the iso-compounclH. 

As has been shown, the formula for the i.so-metallic salts 
can allow tautomerism to take place, and consequently the 
most stable condition is assumed by those compounds— 

. N: N.OK . NK.NO, 

Finally, as the stereochemical theory appears thus to be 
rendered unnecessary, it seems best to use the older terms, 
normal and ito, instead of syn and a)%H respectively. 

In connexion witli this new formulation of diazo-salts it 
was suggested ^ that inasmuch as both benzene and naphthalene 
nuclei can assume an ortho-quinonoid configuration, the possi¬ 
bility that their diazo-derivatives may liavc a similar structure 
must be taken into account. This view is expressed, in the 
case of diazobenzene chloride, by the formula 

^ \:N01 


V 


H 


A combination of both views was put forward almost im¬ 
mediately by Orton and Keed,^ who took the view that the 
single ^^-quinonoid bicyclic structure might alternate with two 
similar o-quinonoid phases. This idea was advocated' by 
Morgan and Micklethwait,^ and is represented by the formulae 


\C1N 


f 11 N 
CIN 


f 11 N 

CIN / 

\ll 


II 


11/ 

N 

^ J 


N 

1 ^ 

1 

N 


^ Morgan and Wootton, Trans., 1907, 91, 1315. Coiiq^are Morgan 
and Hird, ih\d., 1505. 

" Trans., 1907, 91, 1561. 

^ Ivans., 1908, 93, 617; 1910, 97, 2561. Compare Morgan and Alcock, 
iJ)icL, 1909, 95, 1319 j Hewitt and Tliole, ibid., 1910, 97, 516. 
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The third valency of the non-saline triadic diazo-nitrogen 
atom is directed successively to the carbon atoms marked 
a, and c, but is not held continuously by any one of them. 

In the case of diazo-salts of heterocyclic amines (compare 
p. 132) it is suggested by Forster and Muller ^ that the linking 
is static in the ortho-position, and that the diazo-salt from 
4-aminoantipyrine has the formula (T) 


N(CH,).C(CH3) N 

I >C:NC1 

N(ObH,)-—CO/ 

(I) 


/NH.N 
C1N:C< II 

N-^N--CIi 

(II) 


and that from 5-aniino-l: 2 :4-triazole the foinnula (II). 


^ Trans., 19 9, 95, 2072. Compare Morgan and Reilly, ihid., 1913, 
103, 808. 
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Diazo-eompoiinds, metallic, 112. 

— solid, 30. 
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